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Metamorphosed bedrock underlying the western Clearwater Mountains 
conprises two main rock sequences —  a thick section of low grade meta- 
basalts of Triassic age? and an overlying pelitic succession, zonational 
from prehnite- and pumpellyite-bearing argillite in the south to silli- 
manite-bearing gneisses north of Valdez Creek. Combined, the sequences 
aggregate nearly 50,000 feet in thickness and are exposed in a broad 
northeasterly trending belt about 17 miles wide and extending at least 70 
miles along the south flank of the Alaska Range. The pelitic rocks, 
deposited in Late Triassic and Jurassic tine, have been intruded by alkali 
gabbro of Late Jurassic age (143 MY), and by a magma series of intermedi-
ate composition during Cretaceous and Early Tertiary time (61-66 MY).
Metamorphism of the bedrock sequence, also in the Cretaceous and 
Early Tertiary, has produced an inverted zcnation —  of the Barrovian 
Series —  increasing in grade upsection and northward. A steep thermal 
and dynamic gradient during metamorphism, now recorded by index mineral 
assemblages, rotational microtextures, and intrafolial folds, may be 
attributed to differential uplift and ductile overthrusting. Higher P-T 
assemblages on the north were apparently transported up and over lcwer 
grade rocks to the south.
Two centers of gold miineralization in the Clearwater Mountains have 
been identified during a recent geochemical sampling program in the Healy 
A-l, B-l quadrangles, Alaska. Both the Timber line Creek center and the 
Black Creek center are located near the same E-W trending fault system. 
Sites of structural weakness along the zone have apparently guided the 
emplacement of small stocks and hypabyssal bodies that acted as hosts for
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later gold-quartz-carbonate veins. Recurrent movement along the faults 
has fractured and locally sheared the intrusives, providing discontinuous 
dilatant areas for subsequent vein deposition. Most of the auriferous 
veins are locallized within the fractured intrusives, although gold 
values in the range 0.02 to 20 ppm are found in much of the limonitic 
shear zone material in both intrusive and country rock. The coincidence 
of gold centers with intrusive bodies appears to be principally a struc-
tural association. Fractured dilatant intrusives along a generally im-
permeable fault zone have functioned as pipe-like avenues of ascent for 
mineralizing fluids.
A close association of gold and arsenic exists in both stream-sediment 
and bedrock geochemical samples. Mercury is concentrated along the major 
E-W trending shear system, but occurs between the gold centers, implying 
a crude hypogene zonation outward fron the centers along the mineral belt.
The Denali Copper Prospect, discovered in 1963 (Kaufman, 1964, p. 6) 
and currently being explored, is similarly located at a structural inter-
section along a major shear system trending N.75°E. Additional minor 
occurrences of copper are located to the west along the same fault system 
on the south side of Windy Creek.
Investigations of the bench gravels near Denali, Alaska including 
seismic refraction measurements, have defined a deposit of over 35 million 
cubic yards of auriferous gravel. Nearly a square mile in area and at 
least 45 feet thick, it extends north and south of Valdez Creek. Sample 
data indicate the gravel contains from 50 cents to $1.20 of gold per 
cubic yard (at $35 per ounce), and that gold is distributed throughout 
the deposit. Although mining has been confined largely to rich pockets
V
in bedrock depressions or incised channels, gold disseminated through 
the gravels constitutes the primary economic potential of the district. 
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INTRODUCTICN
LOCATION AND ACCESS
The area of study considered in this report encompasses sane 300 
square miles of east central Alaska, in the Healy A-l and B-l quad-
rangles (figure 1). The region lies about 100 miles northeast of 
Anchorage, approximately midway between the towns of Paxson ard Cantwell, 
Alaska, and can be reached via the Denali Highway, which crosses the 
southern part of the Healy A-l quadrangle. Several unimproved airstrips 
and small lakes within the report area are accessible to light aircraft 
equipped with large tires or floats. Unimproved roads suitable for 
tracked vehicles or swamp buggies traverse the main valleys of Valdez 
and Windy Creeks.
PURPOSE AND SCOPE OF REPORT
Geologic research in the western Clearwater Mountains was undertaken 
at the request of the U.S. Geological Survey in order to assess the heavy 
metal resource potential of the region through determination of (1) where 
metals were concentrated, (2) the geologic controls responsible for con-
centration, and (3) the bedrock associations and sources of the metals. 
The area of investigation includes the Valdez Creek mining district, a 
gold placer belt which has been mined discontinuously since its dis-
covery in 1903, and vfaich until 1936 had yielded about 36,000 ounces of 
placer gold. More recently interest in the area has been renewed with 











































The solution of stated objectives was approached in the present 
study through semi-detailed geologic mapping of the region, combined 
with a concurrent geochemical sampling program. In reviewing available 
data on the placer deposits near the old town of Denali, the writer be-
came aware of additional gold resource potential in the gravels mantling 
bedrock benches near the town. A discussion summarizing those investi-
gations is also included in this report.
METHODS OF STUDY
Geologic napping was done directly on topographic base maps enlarged 
2X to a scale of 1:31,680. All stations were located by use of an 
aneroid altimeter, by resection with Brunton compass, or by proximity to 
readily locatable topographic features such as peaks, stream inter-
sections, etc. A base camp was established at Denali through the 
courtesy of L. B. Kercher, owner of the cabin used. Field camps were 
placed by weasel (a tracked vehicle), by light plane piloted by D. E. 
Thompson, or by backpacking. The field mapping was facilitated by 
aerial reconnaissance, both helicopter and fixed-wing, Kodachrome slides, 
and through use of aerial photographs of approximate scales of 1:40,000 
and 1:10,000. Detailed maps of lode gold prospects were prepared by 
plane table methods on the surface, and by Brunton compass and tape 
traverses underground. Total fieldwork required 4 months in 1968 and 
4-1/2 months in 1969.
Laboratory studies of the rock samples occupied about 18 months 
during the winters of 1968-69 and 1969-70. Studies of the rocks were 
augmented by examination of over 1000 thin sections, and by numerous 
chemical and spectrographic analyses. Universal stage methods were
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employed in determining many of the mineralogical parameters. Potassium- 
argon isotope age determinations were made on pure mineral separates 
prepared by standard techniques.
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The geologic mapping and mineral resource investigations reported 
here were stimulated to a great extent by the previous efforts of other 
geologists. Until recently, most of the knowledge of geology and mineral 
occurrences in the Clearwater Mountains was based on the work of Moffit 
(1912), Chapin (1918), Ross (1933), Tuck (1938), Kaufman (1964), and 
Glavinovich (1967). Studies of surficial deposits along the route of 
the Denali Highway, which crosses the present report area, were conducted 
by Kachadoorian et al (1954 and unpublished); only a brief summary of 
this work is included here. Extrapolation of major geologic elements 
outside of the present study area was facilitated by the detailed work 
of Ross (1966a, 1966b), Bond (1965), Hanson (1965), and Stout (1965).
The studies summarized in previous reports have been invaluable to 
the present investigation, particularly in formulating initial objec-
tives and regional concepts (see fig. 2). Differences of interpretation, 
existing between this and earlier work, reflect only an advancement of 
knowledge gained fran detailed studies that were based largely on
earlier work.
Figure 2. Index map of east-central Alaska showing major geographic features and areas of geologic mapping. 
Previous work of Moffit (1912) and Chapin (1918) includes entire area.
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OUTLINE OF GEOLOGY
Bedrock underlying the Clearwater Mountains comprises two primary 
rock sequences: a thick succession of low grade matavolcanic rocks and 
an overlying pelitic sequence, zonational frcm prehnite- and purrpellyite- 
bearing argillite in the south to sillimanite-bearing rocks on the ridge 
north of Valdez Creek. The latter sequence is subdivided into three 
metamorphic units on the generalized geologic map (figure 3). Strati-
graphic relationships between the sequences are shown by a composite 
geologic column, provided in figure 4.
METAVOLCANIC ROCKS
/• • / l/ ;
The southern part of the Healy A-l quadrangle is underlain by meta- 
volcanic rocks consisting predominantly of dark gray or greenish meta-
basalts and basaltic andesites. These rocks crop out in a broad, north-
easterly-trending belt that extends east and west for many miles beyond 
the area of the report (Moffit, 1912 and 1915; Chapin, 1918; and Rose,
1966) . Dips within this unit are generally northwesterly and average 
about 55°.
In addition to the bedded flows, thin intercalated members of flow 
breccia, water-laid tuff, argillite, and discontinuous limestone lenses 
are locally present. Amygdaloidal flows are common throughout the 
volcanic succession. Individual amygdule fillings are most commonly 
epidote, quartz, chlorite, prehnite-pumpellyite, or calcite, although 
locally native copper or bomite co-exists with the epidote.
Within the volcanic unit south of Windy Creek a prominent N.80°E. 
trending shear system has produced zones of intensely brecciated and
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Figure 3. Generalized geologic map of the western Clearwater Mountains, Alaska.
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Figure 4. Composite stratigraphic column for 
western Clearwater Mountains.
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altered rock up to 100 feet in width. Veinlets of quartz, calcite, 
hematite, and bomite are pervasive in the shear zones, and secondary 
limonitic fracture fillings or malachite staining is locally abundant 
along weathered veinlets.
Fossils collected frcm a limestone lens near the top of this unit 
are mid-Late Triassic in age (Moffit, 1912; N. Silberling, written comm., 
1969), suggesting that the thick section of lavas below may be assigned 
entirely to the Triassic.
PELITIC ROCKS
Conformably overlying the metavolcanic unit and bordering it on the 
north is a thick sequence of metamorphosed pelitic rocks (figure 3) that 
grade frcm chlorite- and prehnite-bearing argillite and graywacke just 
north of Windy Creek through phyllites and biotite schists near Valdez 
Creek to gametiferous, sillimanite-bearing schists and gneisses near 
the Susitna River. For the purpose of this study these rocks are differ-
entiated into four map units, an the basis of metamorphic grade. The 
lover grade argillites and metagraywackes include minor tuffaceous 
strata, limestone lenses, and conglomerate's.
The argillite is composed mainly of quartz, sericite, chlorite, 
and biotite, the dominant gray to black color being imparted by carbon-
aceous material in the matrix. Graded bedding, festooned cross-bedding, 
and load cast structures are abundant in this unit. Rhythmic bedding 
defined by two to six inch graded strata is locally present. Commonly, 
very fine-grained argillite grades vertically or laterally into fine- or 
medium-grained, greenish metagraywacke. Numerous beds and lenses of the 
latter attain thickness of 50 feet or more; several of the more persistent
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graywacke beds are sham with a dense stippled pattern on figure 3. The 
argillite grades into more intensely metamorphosed phyllites and spotted 
phyllites near Valdez Creek. Northward from this contact is a meta- 
morphic assemblage of the Barrovian Series. Pelitic rocks near Valdez 
Creek are spotted with clots of poikilcblastic biotite, retain relict 
sedimentary structures, and contain abundant chlorite. North of Valdez 
Creek the phyllites are gradational into fine-grained biotite schists, 
which similarly grade northward into biotite-gamet schists of the upper 
greenschist facies. The northern boundary of the schists marks a sudden 
transition into sillmanite-muscovite gneisses and schists. A large sill-
like body of foliated quartz diorite occupies the center of the highest 
grade terrane. This body was probably emplaced interkinematically during 
the regional metamorphism. The genesis of the metamorphic belt may be 
intimately linked to the uplift of the central Alaska Range, occurring 
in the late Cretaceous and early Tertiary (Gates and Gryc, 1963, p. 272).
INTRUSIVE ROCKS
The belt of phyllite, schists, and gneiss is truncated in the 
eastern part of the area by a large granodiorite pluton, of Early Ter-
tiary age and carrpositionally similar to the sill-like body farther 
west, but much less foliated or gneissose. Margins of the pluton, where 
well exposed, are mildly foliated with attitudes closely paralleling 
those in adjoining schists and gneisses. Locally it is discordantly 
intrusive into the host rocks. Xenoliths of the roetamorphics are abun-
dant near these discordant contacts; elsewhere it is rare to find 
inclusions near tire margin.
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Several smaller plutons ranging widely in age and composition from 
alkali gabbro (Upper Jurassic) to monzotonalite (probable Cretaceous) 
have intruded rocks of the pell tic sequence. Homfelsed contact zones 
and pyritic halos are coirmonly developed where these stocks intrude 
lower grade rretamorphic rocks, but are not present when higher grade 
metamorphics are intruded.
STRUCTURE
The dominant structural grain in the western Clearwater Mountains 
strikes about N.75°E. Attitudes of flows in the metavolcanic succession 
shew dips prevailingly to the northwest. A consistent northwesterly dip 
of foliation is also present in the schists and gneisses north of Valdez 
Creek. In contrast, the area between Valdez and Windy Creeks is char-
acterized by gentle folding and local overturning of argillite strata; 
along certain horizons, interbed slippage and adjustments during folding 
have transformed the argillites into foliated, fissile rocks resembling 
slates. Several folds, whose axes trend N.70°-80°E. and which are of 
regional extent, are decipherable in the pelitic strata south of Valdez 
Creek.
Numerous high angle faults cut older structural elements. Both 
strike-slip and vertical movements on these faults appear to have been 
recurrent throughout the Tertiary Period, though displacements are 
generally less than a few hundred feet. Several of the shear zones and 
faults are traceable entirely across the region. Structural inter-
sections along the throughgoing E-W trending fault south of Valdez Creek 
and the shear zone crossing Windy Creek (see fig. 3) have been important 
in localizing gold and copper lode deposits in the area. With the
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exception of penetrative shearing associated with itetamorphism, thrust 
faults in this region are confined to local interbed slippages and 
within disharmonic folds. Few of the napped thrusts have appreciable 
continuity, and their displacements are measurable in tens of feet.
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SYSTEMATIC DESCRIPTIVE GEOLOGY 
METAVOLCANIC ROCKS (TRb)
Distribution
Metavolcanic rocks and minor interbedded sediments, tuffs, and flew 
breccias are exposed in a broad belt trending N.80°E. across the southern 
part of plate 1. The belt forms a prominent range of mountains sub-
parallel to the Alaska Range and extends from the vicinity of the Richard-
son Highway (Long. 145°20') westward across the study area to about lon-
gitude 148°, west of the Susitna River —  a distance of over 85 miles.
The rocks crop out over a belt 5 to 7 miles wide in the map area, but 
their exposure varies in width up to 15 miles to the east near the 
Maclaren River (Mbffit, 1912, and fig. 2). Within the study area and 
to the west, the range underlain by these rocks is characterized by sharp 
ridges, glacial valleys, and steeply walled cirques, particularly on the 
northward facing slopes.
Contact Relations and Age
The lowermost part of this unit is not exposed in the area of plate 1 
and hence its total thickness has not been ascertained. However, a cross 
section constructed northwestward frem Nowater Creek (plate 1) indicates 
that there is probably over 15,000 feet of successive flows exposed be-
tween the Denali Highway and Windy Creek. Part of this section nay be 
repeated by the numerous high angle faults which trend northeast 
through the unit. West of the map area, Moffit (1915) estimated the 
thickness of this unit to be about 3500 feet. An even greater thickness
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has been suggested for the lavas between Butte and Watana Creeks, still 
further to the west of plate 1 (Chapin, 1918, p. 27).
On the basis of reconnaissance napping, previous workers have dis-
agreed as to the nature of the contact between the metavolcanic unit 
and the pelitic metasediments bordering it on the north. Moffit (1912) 
noted that the mountains south of Pass Creek (see plate 1) were "made 
up in part of lava flows and in part of sedimentary deposits which in-
clude a number of small limestone beds containing Upper Triassic fossils", 
but that the exact nature of the contact relations between the formations 
were in doubt. He tentatively concluded that the sediments were younger 
than the volcanics. Ross (1933) mapped an area on the west side of Pass 
Creek (south fork) as "tuffaceous and related strata" and correlated the 
rocks with conglomerates and argillites south of Roosevelt Creek. This 
confusion of assignment for rocks in the upper part of the volcanic unit 
was apparently caused by the complexity of contact and intrusive rela-
tions on the ridge west of Pass Creek (south fork), not unraveled in 
earlier reconnaissance mapping efforts.
Semi-detailed mapping of the entire area south and west of Pass 
Creek during the present investigation conclusively demonstrates that 
the volcanic unit is gradational into the sedimentary unit above. The 
uppermost flows of the sequence alternate with numerous interbeds of 
thinly stratified mudstone and siltstone, now metamorphosed to argillite 
and greenish water laid tuff. At certain horizons in the upper part of 
the section, discontinuous blue-gray limestone beds and lenses are present, 
in the extreme western part of plate 1, they have yielded diagnostic 
index fossils.
A reexamination of Moffit's collection (USGS Mesozoic Loc. 6570)
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By N. J. Silberling of the U. S. Geological Survey has verified the id-
entity of the ammonite Tropites sp. and the pelecypod Halobia cf. H. 
"superba", indicating a late Kamian or mid-Late Triassic age for the 
upper part of the metavolcanic sequence (written corrmun., 1969) . Pre-
vious workers in this region have noted the resemblance and similarity 
of stratigraphic position between this unit and the Nikolai greenstone 
of the Chitina Valley (Martin, 1926, and Moffit, 1912, p. 30), now con-
sidered to be late Middle and/or early Late Triassic in age (MacKevett,
1965). On these bases, the entire metavolcanic unit in the map area is 
tentatively assigned to the Middle (?) and Upper Triassic.
Descriptive Geology
Metavolcanic Rocks (TRb)--- In the area of plate, 1 the flow sequ-
ence generally crops out as grayish brown, craggy ridges and cliffs 
separated by U-shaped valleys and flanked by coalescing talus aprons or 
rock glaciers. The lower ridges and noses have typically been rounded 
and subdued by Late (?) Pleistocene valley glaciation (fig. 5). Remnant 
morainal debris is common at elevations below 4500 feet, and, on the 
south side of the range, forms a continuous mantle over bedrock below 
the 3500 foot elevation. Elsewhere in the range, extensive glacial 
deposits are confined to the valley floors or lowermost ridges and noses, 
and are cannonly heavily vegetated.
The metavolcanic rocks comprise a thickly bedded sequence of grayish 
olive or grayish red meta-basalts and basaltic andeistes which generally dip 
northward. The thickness of individual flews varies from 2 to 50 feet, al-
though locally very thin members are present, particularly in the lower part 
of the section. Bedding surfaces between flows are usually indistinct and,
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in most exposures, are more apparent from a distance than at the outcrop 
(fig. 6) . In seme parts of the section, however, the bedding is marked 
by the alternation of thin (2 feet) reddish flows with thick (10 feet) 
grayish olive flows. Columnar jointing occurs in several of the thicker 
flows (fig. 7) and, where present, commonly persists for several hundred 
feet laterally.
The most abundant rock type in the unit is a grayish olive meta-
basalt or basaltic andesite with typically felsitic or porphyroaphanitic 
textures in hand specimen. Similar appearing flows whose grayish olive 
groundmass is mottled with patches of grayish red are also abundant 
throughout the section; both types contain numerous amygdaloidal members 
interlayered with the more common massive or porphyritic flows. Pheno- 
crysts are usually pale green albitized plagioclase or, less commonly, 
greenish black chloritic aggregates, pseudomorphic after plagioclase or 
clinopyroxene. Plagioclase phenocrysts contain abundant inclusions of 
secondary epidote or chlorite and are rarely more than 4 mm long. Glo- 
meroporphyritic clots of such plagioclase occur locally in the greenish 
flows of the sequence (see fig. 8).
In thin section the volcanics are seen to consist primarily of 
plagioclase, clinopyroxene, and iron-titanium oxides or hematite, 
characteristically intergrown in a subophitic or intergranular fabric.
In the finer grained rocks, groundmass minerals average about 0.1 to 
0.2 mm in size with phenocrysts to 4 or 5 mm. The medium-grained 
equivalents shew average grain sizes of about 1.5 to 2.0 mm, also 
dominantly in intergranular relation. Chlorite, chloritic phyllo- 
silicates, epidote, clinozosite, magnetite, hematite, carbonate, 
apatite, prehnite, pumpellyite, quartz, sericite, and albite are present
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Figure 5. Metavolcanic terrane (TRb). Morphology heavily influenced
by valley glaciation. View southeast across large tributary 
entering Windy Creek from south.




Figure 7. Columnar jointing in metavolcanics (TEb) near head of Nowater 
Creek.
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in varying proportions as a result of the regional metamorphism and/or 
local superimposed hydrothermal alteration. All except sericite, apatite, 
and magnetite occur both in the groundmass and as arrygdule fillings.
Plagioclase typically comprises 50 to 60 percent of the rocks in 
both aphanitic and porphyritic varieties. Pronounced zoning is rela-
tively rare in the plagioclases as a result of extensive albitization, 
although sane of the larger crystals show a smooth or slightly oscilla-
tory normal zoning from core to rim and often exhibit a slight dispersion. 
In a few specimens, these plagioclases have compositions in the range 
^40-57• This is assumed to be representative of the original rocks 
before metamorphism and establishes their identity as basalts or basal-
tic andesites. A universal stage determination of one fresh-appearing 
but unzoned phenocryst (sample 68-Asb-177) showed it to be a slightly 
disordered albite of about composition An^ (curves used frcm Slonmons,
1962). Cumulophyric groups of plagioclase phenocrysts are common in 
sane horizons, either as monanineralic radial clusters (fig. 8) or inter- 
gra*n with larger clinopyroxenes. Albite, carlsbad, and transverse 
twinning are ubiquitous in both microlitiiic and phenocrystic varieties 
of feldspar. In most sections examined, plagioclases are partially 
converted to secondary epidote, chlorite, sericite, clinozosite, and minor 
clay minerals. It is rare to find crystals without abundant inclusions 
of one or more secondary minerals.
Colorless clinopyroxenes are the second most abundant minerals in 
the metavolcanic rocks, comprising about 20 to 40 percent of the rock.
They are present mainly as equidimensional crystals in intergranular or 
subophitic relation to the plagioclase laths. Larger subhedral pheno-
crysts are present locally as well, either as isolated individuals or
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in glomeroporphyritic aggregates with plagioclase phenocrysts. Sub- 
calcic augite (2V = 35°-40°) is the most abundant pyroxene, however 
both pigeonite and diopsidic augite occur locally in subordinate 
quantities. Secondary metamorphic and alteration processes have had a 
lesser effect on the clinopyroxenes than on plagioclases, though to seme 
degree they are replaced by magnetite, leucoxene or hematite, and less 
canmonly by chloritic aggregates.
Iron or titanium oxides and their secondary products occur through-
out all the volcanics up to approximately 5 to 10 percent. The titanium 
minerals are largely altered to murky white opaque leucoxene materials, 
which, in some specimens, comprise 60 percent of the total opaque 
constituents. Magnetite grains are generally subhedral and equidimen- 
sional, although locally they are skeletal in form, and less commonly 
fringed with heiratite. In the grayish red flews, the leucoxene minerals 
are finely intergrewn with red heiratite. Leucoxene is often concentrated 
along borders of chlorite filled amygdules, separated from the chlorite 
by narrow selvages of epidote (fig. 9) . In another typical occurrence, 
the leucoxene-rich airygdule is separated from a calcite filling by 
linings of deep green chlorite.
In addition to the more abundant grayish olive volcanics, numerous 
relatively thin (2 to 8 feet) flews of grayish red rocks occur throughout 
the metavolcanic sequence (fig. 10). They have nearly identical composi-
tions, mineralogy, and textural variation to the greenish flows, except 
that opaque minerals are in large part converted to fine-grained red 
hematite (fig. 11). Similar thin-bedded hematic flows have been 
described by Surdam (1968) in the Karmutsen Group of British Columbia. 
Most reddish flows in the present study area, like those described by
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Figure 9. Leucoxene rinmed oxides near border of amygdule in metabasalt 
(Trb). Photomicrograph in combined transmitted and reflected 
light.
Figure 10. Hand specimen of amygdaloidal hematitic metabasalt (TRb) 
showing distinct grayish red appearance of freshly broken 
surface.
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Surdara, are arnygdaloidal. Hematitic staining commonly rims the iron- 
titanium minerals or is disseminated throughout the secondary titanium 
minerals. Surdam's proposed mechanism for the hematite formation, a 
syngenetic devolatilization effect during cooling of the flows, is prob-
ably applicable to these Alaskan rocks as well. Hematitic coloration 
does not transect flow boundaries as would be expected if it resulted 
frcm metamorphism. In accordance with Surdam's interpretation, the 
hematite appears to represent a reaction between iron-titanium oxides 
and hot magmatic gases, associated with a particular eruption, and 
enriched in oxygen through fractionation or contamination.
Many of the grayish olive flows and most of the grayish red flows 
contain abundant amydules up to about 20 percent of the rock by volume. 
Most arrygdules vary between 2 and 30 mm in diameter, though locally they 
attain several centimeters in dimension. Except for obviously deformed 
rocks along shear zones, most amygdules are rounded or irregular in 
shape with little evidence of flattening or distortion. The most 
abundant minerals filling the amygdules are quartz, calcite, chlorite, 
prehnite, pumpellyite, epidote, and intergrowths of quartz-albite or 
chlorite-hematite. Clinozoisite is locally present as an amygdule 
mineral. Prehnite is generally, but not always, associated with deep 




chlorite with hematite veinlets
Green and yellow chlorite often forms linings on amygdule walls with 
internal fillings of calcite or quartz. Pumpellyite locally projects
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into such quartz fillings in radial bundles (fig. 12). These and other 
iretanorphic minerals are discussed at greater length in a later section.
Altered Metavolcanic Rocks (TRb)--- Near fault zones or in sheared
areas, the metavolcanics are characteristically transformed to dusky 
brown equivalents penetrated by pervasive nonsystematic fractures, whose 
fresh surfaces are locally slickensided and coated with irridescent 
dark limonitic materials. Hair-like quartz veinlets and quartz-carbonate 
veinlets are also pervasive in the altered areas. Less prevalent but 
still abundant in the shear zones are light olive colored rocks strongly 
tinted by high percentages of epidote and chlorite (fig. 13). Most of 
the groundmass of these rocks, except for relict pyroxenes and iron oxide 
is replaced by yellow-green epidote. Quartz-carbonate pervasively veins 
these rocks also and locally the veins contain selvages of bomite and 
secondary copper minerals along the interior of the veinlets. Joint and 
fracture surfaces near the shear zones are often coated with limcnite, 
milky quartz and epidote. In and near these altered areas, amygdules 
often contain co-existing epidote and bomite or epidote-native copper. 
(Refer to section on economic geochemistry for the distribution of 
anomalous copper in altered rocks.)
Where pyrite formation has accompanied hypogene alteration of the 
netavolcanics, light brown and dark yellowish orange limcnite^/ of super-
gene origin forms broad stained areas and float runs which contrast
~ The term "limonite" is used in a non-rigorous manner for the mega-
scopic descriptions in this report. Includes reddish, brownish, and 
black hydrous ferric oxides and other iron bearing compounds as dis-




Figure 11. Hematitic groundmass in volcanic rock (TRb).
in ccmbined transmitted and reflected light, 





Figure 12. Radial bundles of yellow-green pumpellyite projecting into 
quartz filled amygdule. Photomicrograph. TRb unit.
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Rocks of Subordinate Occurrence (TR1, TRa, TRt)--- At various
horizons throughout the predominantly volcanic sequence are thin beds 
of argillite, limestone, and flow breccia. Within the area of plate 1, 
these rocks are generally more abundant in the lower and extreme upper 
parts of the exposed section. Reconnaissance mapping east of Ncwater 
Creek, not shown on plate 1, indicates a fairly thick section of argil- 
litic pelites conformably interbedded with volcanics, and locally 
intruded by dioritic dikes and sills near the bottom of the metavolcanic 
unit.
Outcrops of flow breccias in the unit are similar in appearance to 
the flows, except that differentially weathered surfaces reflect the 
presence of cognate inclusions and clasts. Intraclasts of composition 
similar to the matrix are discernible only on such weathered surfaces.
A few breccia horizons contain inclusions of slightly different color 
or texture, and these are evident on freshly broken surfaces as well.
Both intraclasts and matrix are commonly arrygdaloidal.
Thinly stratified, discontinuous beds of pale olive and greenish 
gray tuffs and tuffaceous argillite occur at several horizons, either 
isolated or interbedded with medium gray carbonaceous argillite (fig. 15). 
Small scale sedimentary structures such as graded bedding, cross bedding, 
laminations, and load casts are cannon in these sediments, in thin 
section, they consist of a very fine to fine-grained groundmass of 
chlorite and carbonaceous matter with sparse angular fragments of quartz, 
plagioclase, and chloritic aggregates whose outline is suggestive of 
altered lithic fragments. Epidote, pumpellyite, and prehnite occur
strongly with the darker host rocks (fig. 14). Pervasive hypogene
silicification commonly accompanies the pyritic alteration in these rocks.
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Figure 13. Altered metavolcanics (TRb) near shear zone, and containing 
abundant epidote.
Figure 14. Limonitic gossan along shear zone in metavolcanics (TRb).
locally in the fine grained matrix. Other clay-sized phyllosilicates, 
carbonate, and henatitic staining are present but are too fine-grained 
for optical determination. Similar magnesian tuffs in other parts 
of the map area are discussed in a later section.
The pale olive tuffs grade canpositionally into medium gray or 
gray-black, very fine-grained argillite (fig. 16). Silty and sandy 
laminae are cannon in the argillite and often are present as the lower 
extrema of graded cycles in "varved" rhythmites, whose individual cycles 
vary from 1 inch to about 4 inches (fig. 17). The clay-sized constitu-
ents illite (?), chlorite, and carbonaceous material make up 70 to 90 
percent of the rocks with subordinate silt-sized angular quartz and 
feldspar. Carbonaceous material of organic origin is distributed in 
fine laminae and inparts a fissile quality to the rock. Primary pyrite 
is cannon along the organic layers (fig. 18) .
In addition to the tuffaceous and pelitic sediments, a few thin (2 
feet or less) lenses and discontinuous beds of medium gray to light 
brownish gray argillaceous limestone occur in the metavolcanic oinit. 
Bedding in these recrystallized, impure limestones is imperfectly defined 
by irregular clayey layers, brownish gray in color, which stand out in 
positive relief on otherwise hackly weathered surfaces (figs. 19 and 20) . 
Marine fossils diagnostic of age have been recovered from one such lime-
stone lense high in the sequence as discussed in the section on contact 
relations and age. The presence of these limy horizons, the organic 
sediments, and lack of pillow structure in the volcanics suggests that 
the lavas were extruded into a subsiding near-shore environment, the 
buildup in general keeping pace with subsidence. The surface of the 
lavas was apparently occasionally depressed below sea level, allowing
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Figure 16. Very fine grained argillite (TRa). Photomicrograph.
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Figure 17. Rhythmically banded argillite (TRa) .
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Figure 18. Primary pyrite along carbonaceous laminae, in argillite (TRa).
Photomicrograph in combined transmitted and reflected light.
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Figure 19. Gray limestone (TR1) interbed with resistant argillaceous 
layers.
Figure 20. Thin tongue of vesicular iretabasalt (TRb) enclosed in 
argillaceous limestone (TR1).
deposition of organic sediments and limy marine muds in low energy 
reducing environments, probably in shallow semi-isolated near-shore 
basins.
A few dikes and sills of intermediate to mafic composition have 
intruded the metavolcanic unit. The weathered, lichen-covered outcrops 
of these rocks cannot be distinguished from the intruded metavolcanics; 
consequently they are unmappable on a regional scale.
Petrochemical Classification 
of the Metavolcanic Unit
The metavolcanic rocks in the Clearwater Mountains have been 
variously classified as "diabase" (Moffit, 1912), "Basalt and andesite 
flows" (Ross, 1933), and "andesite with subordinate basalt" (Glavinovich, 
1967). The various assignments of names were based either on megascopic
appearance and color index, or on average plagioclase composition --
determined optically. In this study, the examination of over 80 thin 
sections has demonstrated that a classification by najor oxide chemistry 
is a more definative method. Many of the plagioclases have reequili-
brated during metamorphism to an albite, whose optically determined 
composition is about An^_g, and which typically has numerous inclusions—  
so abundant that the recognition of an albitic range of refraction index 
is not readily apparent.
If determination curves for ordered or intermediate feldspars are 
applied with the usual assumptions to most of these rocks, compositions 
on the order of ̂ 35-33 are obtained, suggesting that the rocks are 
dominantly pyroxene andesites. A classification by optically determined 
plagioclase composition is further complicated by the fact that some
35
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feldspars have not completely inverted to a low structural state and 
their indicated composition is A^g.gy using curves for disordered 
volcanic plagioclases or An^-^gy using curves for ordered feldspars. 
Clearly, either compositional range would suggest the rocks should be 
considered metamorphosed basalts or basaltic andesites.
To assist in clarifying the classification, several bulk samples 
of unaltered metavolcanic rocks and one of tuff were collected during 
the mapping for major oxide analysis. Each was a composite sample of 
freshly broken rock and weighed 5 to 10 pounds. Major oxide analyses 
were made using the rapid rock method described by Shapiro and Brannock 
(1962) supplemented by atomic absorption spectroscopy.
Analyses and normative minerals for these rocks are listed in 
tables 1, 2, and 3, together with average compositions for andesites, 
tholeiitic andesites, tholeiitic basalts, and tholeiitic olivine 
basalts taken from Nockolds (1954). An inspection of these tables re-
veals that analysed rocks from the map area have close affinities with 
average tholeiitic basalts, although they may be slightly subsilicic. 
Sample 68-Asb-139 is apparently silica deficient; however, its normative
content of olivine is still only 0.5 percent-- not in the range of
olivine basalt. These data support the assignment of the metavolcanics 
to a normal tholeiitic basalt association, one which displays a striking 
similarity to the basaltic lavas erupted into the subsiding Coast Range 
geosyncline during Tertiary time (Waters, 1955, p. 704). This resembl-
ance is apparent in thickness, potential extent, constancy of composition 
throughout the sequence, and association with argillites, graywackes, 
and tuffaceous sediments.
Table 1. Major oxide content of metavolcanic rocks from the Clearwater Mountains
__________________and average compositions* of selected volcanic rocks.__________
Oxide Av. Av. thol. Av. thol. Av. thol. mvolc. mvolc. red. mvolc. med.gr. med.gr. tuff












Si02 51.43 51.43 50.83 47.90 47.4 49.3 49.3 50.0 50.0 52.8
AI2O3 13.05 13.05 14.07 11.84 15.8 14.2 14.6 16.3 16.1 14.8
Fe2°3 3.36 3.36 2.88 2.32 0.71 4.6 11.3 1.3 1.3 1.0
FeO 9.74 9.74 9.06 9.80 7.9 7.7 1.0 8.0 8.2 8.7
MgO 5.28 5.28 6.34 14.07 9.3 6.2 5.3 6.4 7.1 7.4
CaO 8.78 8.78 10.42 9.29 11.2 10.2 8.8 12.5 11.7 6.5
Na-jO 3.18 3.18 2.23 1.66 1.3 2.7 4.4 1.8 2.0 4.4
K20 1.04 1.04 0.82 0.54 0.47 0.45 0 .11 0.42 0.34 0.18
h 9o- — — — — 0.16 0.36 0.54 0.25 0.18 0.09
H?0+ 0.87 0.87 0.91 0.59 3.30 1.8 2.3 1.7 1.6 2.9
T1O2 2.60 2.60 2.03 1.65 0.51 1.8 1.7 1.0 0.95 0.86
p2°5 0.48 0.48 0.23 0.19 0 .11 0.18 0.16 0.09 0.10 0.10
MnO 0.19 0.19 0.18 0.15 0.16 0.20 0.16 0.16 0.16 0.15
c o2 — — ------ — 0.78 0.05 0.09 < .05 0.05 0.05
Sum 100.00 100.00 100.00 100.00 99.3 99.7 99.8 100.00 99.8 99.9
*Average compositions taken frcm Nockolds, 1954. Analyses of Clearwater Mountains 
rocks by P. Elmore, G. Chloe, L. Artis, S. Botts, H. Smith, J. Kelsey, J. Glenn 
of U. S. Geological Survey. For sample locations, refer to Appendix V.
Table 2. Normative minerals in metavolcanic rocks from the Clearwater
___________Mountains and in selected average volcanic rocks?__________









or 6.7 6.1 5.0 2.8
ab 30.9 27.2 18.9 14.1
an 27.2 18.1 25.9 23.4
wo 4.2 9.2 10.3 9.1
en 10.9 13.2 15.8 20.5
fs 5.3 11.1 11.2 7.9
fo — — — 10.3
fa — — — 4.4
mt 5.1 4.9 4.2 3.3
il 2.4 5.0 3.8 3.2




*Norms computed frcm average carpositions
mvolc. mvolc. red.mvolc. med.gr. med.gr. tuff
68-Asb- 68-Asb- 68-Asb-218 mvolc. mvolc. 68-Asb-
139 212 68-Asb- 68-Asb- 263
238 239a
— 2.93 1.97 1.92 0.98 —
2.88 2.77 0.68 2.55 2.06 1.08
12.11 25.25 41.20 16.64 18.42 40.26
37.23 26.35 20.61 36.20 34.83 20.49
5.30 9.92 8.72 10.69 9.49 4.56
26.18 17.83 15.26 18.19 20.11 16.07
11.5 6.80 — 10.65 1 1 . 0 0 9.29
0.34 — — — — 3.57
0.15 — — — — 2.06
0.77 5.01 — 1.40 1.39 1.07
0.74 2.61 1.89 1.43 1.36 1.22
0.24 0.39 0.35 0.19 0 .21 0 .21




















Table 3. Trace elements in metavolcanic rocks and tuff frcm the 
________Clearwater Mountains, Alaska. All values in ppm._______
68-Asb-139 68-Asb-212 68-Asb-218 68-Asb-238 68-Asb-239a 68—Asb—253 
(tuff)
N N N N N 30
700 100 70 150 100 70
50 70 70 50 50 50
700 150 200 300 700 500
150 150 200 200 200 150
N 15 15 N N N
500 200 150 150 200 100
N N 7 N N N
50 70 70 70 70 70
300 300 200 200 200 100
300 500 500 500 500 300
20 50 50 30 30 30
30 100 100 50 50 50
10 15 15 15 15 15
2 3 3 3 2 3
Analyses by six-step semi-quantitative spectrographic method. Analyst: Chris 
Heropoulos of U. S. Geological Survey. Locked for but not found Ag, As, Au, Be, 
Bi, Cd, La, Mo, Pd, Pt, Sb, Sn, Te, U, W, Zn, Ce, Ge, Hf, In, Li, Re, Ta, Th, Tl, 
and Eu.
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Figure 21 is a plot of normative feldspars and quartz on the Q-A-P-F 
classification diagram proposed by Streckeisen for volcanic rocks (1967, 
p., 161) . Most Clearwater Mountain samples fall in the range of ande-
sites and basalts. Sample 68-Asb-139 is an exception; by normative 
mineralogy it would be termed a latite-basalt.
CALCAREOUS AND TUFFACEOUS POCKS 
(TR1, TRt, Jt)
Distribution
Several discontinuous beds or lenses of limestone, calcareous argil-
lites, and calcareous tuffs —  several of which have appreciable thickness 
and lateral extent —  occur along the contact between the metavolcanic 
unit and overlying pelitic sequence. Neither limestones nor tuffs are 
restricted to this horizon as noted earlier, but are present in minor 
quantities at discrete horizons interlayered with both the volcanics 
and with pelitic sediments upsecticn. Tuffaceous sediments, cherts, 
basaltic flews, and limy or carbonaceous argillites are intimately and 
complexly interfingered with the limestone beds in many occurrences, 
particularly on the ridge northeast of the pass between Windy and Pass 
Creeks (plate 1).
Mappable units of tuffaceous strata (including associated flows), 
limestone, and limy argillite are all similarly indicated on plate 1 
although all do not necessarily occur at correlative horizons. The 
description of the two basic lithologies in this section emphasizes the 
steeply dipping rocks occurring near the volcanic-argillite contact, 
but is applicable as well to similar rocks in other parts of the map area.
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Q
Figure 21. Plot of normative minerals from Clearwater Mountains meta-
volcanics on QAPF classification diagram (after Streckeisen, 
1967, p. 11).
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Limestone and Calcareous Argillite (TRl)
Calcareous rocks are exposed chiefly in the headwall along the ridge 
north of Windy Lake (plate 1 and figs. 22 and 23) and consist dominantly 
of light olive gray argillaceous and silty limestone with subordinate 
lenses of purer medium gray limestone. TVo such lensoid bodies of con-
siderable size are shewn on plate 1. The impure limestones are generally 
finely banded (less than 1mm) with clayey and silty laminae. Deformation 
and recrystallization have distorted most primary structures, though in 
most exposures bedding is readily discernible (fig. 24) . One of the less 
deformed limestone beds north of Windy Lake contains siliceous structures 
suggestive of sleractinian corals (e.g. Thamnasteria ?) and spongiemorphid 
ooelenterates (written cartmun., N. J. Silberling, 1969).
Well preserved primary structures, either faunal or depositional, are 
rare exceptions in the calcareous units. Many of the outcrops and speci-
mens examined shew definite tectonite fabrics and in field occurrence 
would be classified as calc-phyllites or calc-schists (fig. 25). The 
more calcareous units have been transformed into impure banded marbles 
with sireared-out carbonaceous and silty laminae. These commonly weather 
out into rectangular blocky rubble with hackly surfaces. Silty and 
argillaceous members preserve a fine lamination, especially apparent on 
weathered surfaces (fig. 24). Locally massive undeformed beds of medium 
gray microsparrite frem 4 inches to 1 foot thick alternate with silty 
interbeds, which weather in negative relief (fig. 26). Laminated cal-
careous argillites of this type interbedded with volcanics have formed 
the host rocks for copper mineralization of the Denali prospect north-
east of Windy Lake (discussed in a later section).
43
Figure 22. Interbedded limestone and tuff (TR1, TRt) in headwall north 
of Windy Lake. View north.
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Figure 24. Chevron folds in argillaceous limestone (TR1) near headwaters 
of Pass Creek, south fork.
Figure 25. Calc-phyllites derived frcm limy argillite (TR1) along shear 
zone near headwaters of Pass Creek. View northeast.
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Deformation in the calcareous rocks between Windy and Pass Creeks 
parallels bedding foliation and is subparallel to younger faults in the 
unit, and which generally separate it from the volcanic unit to the south. 
Within the calc-schists in the most highly deformed zone, intrafolial 
drag folds —  both rooted and rootless —  and near-horizontal lineations 
document a period of extensive ductile faulting of right lateral dis-
placement —  perhaps a deep seated dislocation contemporaneous with the 
regional metamorphism and considerably antedating the brittle-fracture 
style of faulting which now dominates the structure of the area. The 
westerly extension of this dislocative zcne is evident in the steeply 
foliated slates exposed in the Windy Creek gorge, produced by penetrative 
deformation of argillites and graywackes along a ductile shear zone.
In thin secrtion, the calcareous beds vary from carbonaceous silt- 
stones or quartzites with microcrystalline sparry cement, through finely 
laminated carbonaceous and pyritic microsparrites (fig. 27) to mylonitic 
sparrites with tectcnite fabrics. In the latter, smeared out carbon-
aceous layers, lenticular structure, flaser textures, and augen con-
sisting of resistant calcite grains bounded by "pressure shadows" of 
finely crystalline carbonate, are characteristic. In silty or quartzitic 
bands, quartz grains are present mainly in a grancblastic fabric with 
either sutured or polygonal intergrain relationships. Euhedral pyrite 
crystals are common along carbonaceous laminae. Ihe majority of less 
deformed impure limestones fall in the classification of very finely- 
crystalline carbonaceous microsparrite, probably recrystallized from 
micrites or dismicrites (in the classification of Folk, 1959) . This 
classification suggests that these rocks were deposited rather rapidly 
m  calm shallow water as a microcrystalline ooze. In addition, the
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Figure 26. Alternating beds of gray limestone and siltstone (TRl) (in 
negative relief). View northeast.
, .25 mm
Figure 27. Laminated microsparrite (TRl). Photomicrograph, crossed 
nickols. Gray areas are detrital quartz grains. Pinkish 
areas are finely sutured calcite grains.
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presence of brachiopods, pelecypods, and probable corals in the rocks 
further supports the interpretation of depositional environment as semi- 
isolated lagoons or shallow basins with marine connections, but without 
appreciable wave action or current activity.
Tuffaceous Rocks (TRt, Jt)
Sediments of tuffaceous composition occur more widely than do the 
liny strata discussed above. In the area north of Windy Lake, they form 
a unit about 400 feet thick, which is intertongued with limy argillites 
and which includes numerous pods and small lenses of impure carbonate. 
Elsewhere in the area of plate 1, magnesian sediments of volcanic origin 
are present in several horizons. Locally they are interbedded with or 
overlie flew rocks; however, they also crop out as interbedded members 
in the argillite unit near the headwaters of Rusty Creek (Jt) and on the 
slope west of upper Pass Creek (TRt).
In field exposure, the tuffs occur both as undeformed light olive 
or grayish green sediments with well preserved primary depositional 
structures (fig. 28) and as thoroughly recrystallized epidote-chlorite- 
muscovite schists or homfelses with segregated pods of carbonate 
(fig. 29). Schistose varieties of the tuffs are particularly extensive 
near the larger limestone bodies north of Windy Lake, and weather with 
distinctive fluted surfaces (fig. 30). Less deformed equivalents con-
tain fragments of pyroxene (in part replaced by chlorite-actinolite 
aggregates), quartz, and iron oxides —  all imbedded in a fine-grained 
epidote-chlorite-muscorite-quartz groundmass. This assemblage was re-
crystallized from magnesian volcanic muds. Intraclasts of black car-
bonaceous mud, derived from other parts of the depositional basin, are
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Figure 28. Banded tuffs (TRt) with primary depositional structures near 
upper Pass Creek.
Figure 29. Schistose tuffs (TRt) with carbonate pods on ridge north of 
Windy lake.
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locally abundant. The tuffaceous rocks grade ccmpositionally through 
pale green argillites such as those exposed at the Tiirberline and Black 
Creeks into gray or black pelitic argillites with a high carbonaceous 
content. The magnesian sediments have apparently responded in much 
greater degree to the regional metamorphism than have adjoining pelitic 
rocks; primary microtextures are almost wholly obliterated by recrystal- 
li2ation, even in essentially undeformed merrbers. Overgrowths of quartz 
and albite over detrital grains and of actinolite over pyroxene frag-
ments are common in these rocks (fig. 31).
In addition to the coarser varieties of tuffaceous sediments, minor 
quantities of green, white, and black cherts occur locally and are com-
posed chiefly of very finely crystalline grancblastic quartz with im-
purities of chlorite and carbonaceous material.
One major oxide and trace element analysis was made of the tuffa-
ceous sediment west of upper Pass Creek (tables 1 and 2, sample 68-Asb- 
263). A comparison of its major oxide content with those of the volcanics 
substantiates its tholeiitic affinity. Only a slight increase in silica 
and loss of calcium have occurred during the cycle of weathering, ero-
sion, and deposition, perhaps implying a nearby volcanic source area 
for the detritus.
CONGLOMERATE UNIT (Jcg)
Overlying the tuffaceous rocks and exposed in the massif-like 
mountain about 1.5 miles southeast of Roosevelt Lake is a massive, wedge- 
shaped body of polymictic cobble and boulder conglomerate, whose aggre-
gate thickness is at least 1000 feet (plate 1 and fig. 32). Its total 
areal exposure is less than a square mile, and outcrops of the unit are 
confined to the area near the mountain.
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Figure 30. Finely fluted weathered surface of schistose tuff (TRt) 
north of Windy Lake.
i . 5  irtn
Figure 31. Overgrowth of actinolite over pyroxene clast in neta-tuff 
near Rusty Creek (Jt). Crossed nictfols. Pyroxene in 
extinction. Photomicrograph.
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Figure 32. Mountain southeast of Roosevelt Lake underlain by polymictic 
conglomerate (jcq).
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The conglomerate is composed of well-rounded, elliptical pebbles, 
cobbles, and boulders of diverse origin imbedded in a well-indurated, 
but poorly sorted matrix of angular lithic and mineral fragments. Many 
of the cobbles are discontinuously coated with hematite. Detrital min-
eral components in the matrix are mainly albite, quartz, and altered 
ferromagnesians —  all set in a recrystallized tuffaceous groundmass.
The fine grained matrix material has undergone extensive recrystalliza-
tion during the regional metamorphism and now exhibits abundant second-
ary chlorite and prehnite. Most mafic detritus and mud clasts are 
similarly converted to chloritic aggregates.
Metabasalt, diorite, and metagraywacke are the most abundant litho-
logies present as cobbles and boulders in the unit. The majority of 
volcanic cobbles examined could have been derived from the volcanic 
rocks underlying the conglomerate. Dioritic cobbles are probably intru-
sive equivalents of the volcanics. Che cobble, examined in thin section, 
was apparently derived from a basalt or andesite with a glassy groundmass 
now devitrifled —  and is unlike the volcanics in the map area. This and 
the graywacke pebbles and ccbbles are the only constituents noted that 
are exotic to the underlying units.
In view of its content of well rounded components, thickness, and 
restricted lateral extent, this conglomeratic wedge is interpreted as a 
side-entry fan deposited at the margin of a subsiding trough, perhaps at 
the discharge point of a major stream. Laterally it grades into the 
basal part of a thick sequence of pelitic sediments. By this interpre-
tation the unit should not be considered a simple basal conglomerate 
and probably does not mark an interruption of deposition.
ARGILLITE (Ja)
Distribution
Rocks of the argillite unit extend in a broad belt across the area 
of plate 1. As in the case of the metavolcanic rocks which underlie them 
to the south, the argillites have eroded to a rugged mountain range about 
5 miles wide and trending roughly N.70°E. Sharp narrow ridges flanked 
by talus aprons and intervening valleys carved by alpine glaciation 
characterize the topography formed in the unit (fig. 33). In general, 
ridgelines are smoother and less craggy than those of metavolcanic rock. 
Cliffs and near vertical faces are common only where thick massive gray- 
wacke members are undergoing erosion; there, differential weathering 
produces a more rugged pattern of relief.
Occurrence, Contact Relations, and Age
The argillite unit as mapped in the study area is a transitional 
unit and varies in degree of metamarphism from rocks of dominantly sedi-
mentary character in the southern part of the unit to slates and semi-
schists along the northern part of the unit. The unit conformably over- 
lies the metavolcanic rocks and limestones as discussed previously. Up- 
section from that contact the unit comprises a series of well indurated 
mudstones, siltstones, and poorly sorted graywackes, all of which were 
mildly to moderately recrystallized by the regional metamorphism, but 
which retain undeformed primary sedimentary structures. Typically, 
fracture and joint faces shew distinct banding between black carbonaceous 
mudstone and olive gray silty or sandy layers (figs. 34 and 35). The 
graywacke beds weather in a light olive gray tone in contrast to the
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Figure 33. Glacier carved topography in argillite unit (Ja). View 
west from headwaters of Tirrberline Creek.
Figure 34. Graywacke with argillite layers (Ja) on ridge north of 
Windy Creek, near its mouth.
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mudstones which retain a dark gray or black color, thus accentuating the 
banding on exposed surfaces. All rock types of this unit appear to be 
less receptive to lichen growth than igneous rocks in the map area.
In the northern part of the unit, the character of the argillite 
unit is more that of a iretamorphic sequence. Mudstones are typically 
slaty, and massive graywacke beds exhibit a crude schistosity or accen-
tuated bedding plane foliation. Slaty cleavage usually is bedding plane 
controlled, but also transects bedding in areas of minor folding (fig. 36). 
Such discordant foliation is well exposed in the Dry Creek Cut near 
Denali. Phyllites with subhorizontal lineations —  produced by S-planes 
intersecting at very lew angles —  occur along the northern edge of the 
unit near White Creek and Gold Hill. North of Timberline Creek the rocks 
are recrystallized to a very fine grained biotitic semischist.
The sericitic slates and phyllites weather into platy talus fragments 
with a distinct surface sheen. In debris fans and talus aprons the frag-
ments commonly assume a subparallel orientation, producing shiny slopes 
visible for several miles (fig. 37).
The older age limit for the argillite unit is established by the Upper 
Triassic fossils recovered from limestone lenses immediately beneath its 
lower contact as discussed earlier. This is the only faunal age deter-
mination established in the quadrangle. No fossil evidence other than 
poorly preserved worm trails (?) has been observed in the argillite unit. 
However, a potassium-argon radiometric age of 143 t 4 million years was 
obtained on hornblende fran the small stock which intrudes the argillite 
in the headwaters of Eldorado Creek. Hence its depositional age is 
bracketed between middle Upper Triassic and Upper Jurassic. On these 
bases, the unit is assigned to the late Upper Traissic and Lower and 
Middle (?) Jurassic.
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Figure 35. Rhythmically varved argillite (Ja) near Eldorado Creek.
Figure 36. Slaty cleavage cutting bedding in northern argillites (Ja). 
Sample taken on ridge west of Sunny Gulch.
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Descriptive Geology
Megascopic Character--- Rocks of the argillite unit consist domin-
antly of grayish black mudstones, dark gray siltstones, and medium gray 
lithic graywackes. The graywacke meirbers vary widely in grain size from 
silty through medium and coarse grained varities. Coarser grained beds 
commonly attain thicknesses of more than 50 feet, particularly in the 
lcwer part of the section. Several of the more persistent graywacke 
beds are shown in a stippled pattern on plate 1. The graywacke strata 
are rarely traceable laterally for appreciable distances, but rather 
grade into or intertongue with fine silts and mudstones which form the 
bulk of the unit. The coarser graywackes form massive blocky talus 
rubble with weathered surfaces of light olive gray or pale brown color. 
Flattened or slightly rounded clasts of black mudstone are canmon in 
the coarser grained varieties (fig. 38).
Thin strata and laminae of silt interbedded with black mudstone 
are more camnon than the massive beds. These thinly bedded rocks shew 
a variety of primary sedimentary structures including rhythmic graded 
bedding an a 1/2 to 4 inch scale, festooned cross bedding, wavy cross 
lamination, and numerous load casts. Olive gray silty beds typically 
grade upward within inches into clay-sized gray or black carbonaceous 
niudstone, which in turn is overlain by another silty layer —  the inter-
face often shaving load casts or semi-flame structures as a result of 
compaction. The aggregate thickness of these varved rhythmites is 
rarely more than 10 feet in any one exposure. Evenly graded laminae 
such as that just described are locally present throughout the unit, 
but more commonly each cycle consists of silt in the lower part showing
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Figure 37. Shiny talus slopes in slaty argillite (Ja). View south 
across mouth of Tirrberline Creek.
Figure 38. Flattened intraclasts of mudstone in graywacke (Ja) on 
ridge north of Windy Creek, near its mouth.
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delicate wavy lamination or extensive festooned cross bedding. The 
silty material grades imperfectly upward into the dark muds which form 
the upper part of each cycle (fig. 39). Observation of many such cross 
bedded horizons in the unit suggests a general southerly transport of 
sediment in the basin. Few slunp structures or convolute bedding forms 
were noted.
In addition to the graywackes and banded rocks, the argillite unit 
includes great thicknesses of well indurated black mudstone, rather 
thinly bedded and uninterrupted for hundreds of feet (fig. 40). The 
black mudstones are very carbonaceous and weather into dark gray or 
black slopes and soil, and commonly fracture with subconchoidal surfaces, 
whereas the siltier and banded members shew extensive planar and plumose 
fracture surfaces. Where the mudstones contain appreciable primary 
pyrite, weathered surfaces and talus take on a subdued reddish tone —  
often visible from a distance.
Other minor constituents of the argillite unit are thin (4 inches 
to 1 foot) beds of intraformaticnal flat pebble conglomerate and lenses 
of impure limestone or calcareous siItstone. The conglomerates occur at 
several horizons throughout the unit. Debris within them consists, for 
the most part, of flattened clasts of green or black mud with subordin-
ate amounts of rounded volcanic or chert pebbles —  imbedded in a poorly 
sorted matrix of angular quartz-feldspar and muddy groundmass (fig. 41). 
Limy beds in the argillite unit are platy impure micrites —  now micro- 
sparrite —  or black carbcnaceous lenses, usually no more than a foot 
or two thick.
Locally, tuffaceous sediments or greenish argillite are intercalated 
within the argillite unit, as for example near Tirriberline Creek and Black 
Creek, and are more magnesian, probably reflecting a temporary influx of
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Figure 39. Graded cycle in banded argillite (Ja). Note preserved 
load casts.
Figure 40 Thin bedded black argillite (Ja) without cyclic laminations 
north of Windy Creek.
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debris from a volcanic terrane to the south.
Petrographic Description--- In thin section the coarser graywackes,
both massive and banded types, include subangular or angular fragments 
of quartz and plagioclase with subordinate quantities of brown hornblendes 
and clinopyroxene —  all irrbedded in a matrix of chlorite, carbonaceous 
mud, and calcite. Individual grains are seldom over 0.3 rrm in diameter 
and grade dcwn to submicroscopic fragments. Platy or lens shaped mud 
clasts up to one or two millimeters are comnon constituents as well.
Thin, semi-opaque carbonaceous layers are draped over and compressed 
around larger resistant mineral fragments (fig. 42), and locally contain 
euhedral pyrite crystals. In the more reconstituted argillites, chlorite, 
muscovite, stilpncmelane (?), and biotite replace the finely laminated 
carbonaceous layers. Most of the silty detritus is less than 0.05 milli-
meter in diameter and occurs as uniform strata, graded beds, or finely 
interlaminated with submicroscopic mudstone (fig. 43) .
Prehnite is a carmen replacement mineral in the graywacke groundmass 
material across the southern part of the unit. Pumpellyite is also 
common, but is not developed everywhere in the prehnite zone. Along the 
northern part of the unit, incipient and well developed S2 cleavage 
locally transects otherwise undisturbed bedding fabric. Where present, 
cleavage planes are generally about 0.05 to 0.1 millimeter apart.
Various phyllosilicates in the slates and semischists of this zone are 
also aligned in a distinct foliation, but essentially parallel to the 
bedding. Green and light brown biotite is common in the argillites of 
higher metamorphic grade. Lensoid augen of polygonal quartz are intra- 




Intraformation conglomerate consisting chiefly of rounded 
and flattened mud clasts (Ja).
. 5  rim
Carbonaceous laminae compressed around resistant detritus. 
Photomicrograph. Plane polarized light.
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Argillites near the large quartz diorite pluton in the northwestern 
part of the map area shew a polymetamorphic fabric, with large unoriented 
clots of secondary muscovite and chlorite grown into a semischistose 
fabric. This observation agrees with field relations; the pluton is 
slightly younger than the regional metamorphism.
Petrochemistry
Tables 4 and 5 give major oxide and trace element analyses of seven 
argillite and graywacke samples from the Clearwater Mountains. The 
argillites are remarkably similar in ccrrposition to average shales as 
shown by comparison to composite data from Pettijchn (1957, p. 344). 
Trivalent iron is deficient at the expense of the divalent form —  
probably reflecting a reducing effect of abundant carbonaceous material 
in these sediments. Potassium is deficient over average shales by about 
1.5% and magnesium is slightly higher. Both differences suggest the 
argillites were derived from a source area of intermediate composition.
It is also possible that a mixing of detritus, the greater part from a 
felsic source, with basic debris from a nearby volcanic terrane has 
produced the departure frem a normal shale.
Sample 68-Asb-266 has a corposition more nearly like that of a 
subgraywacke. This is a less impure quartzo-feldspathic sandstone and 
is not typical of the majority of graywackes in the area.
Table 5 is provided as supplementary information on the sedimentary 
rocks and so that the sediments may be compared chemically with higher 
grade metamorphic rocks to the north.
Table 4. Major oxide content of argillites and graywackes from the Clearwater Mountains
_____________________________ and average shale composition*_____ _______________________
69-Ast-300 68-Asb-266 68-Asb-1048b 68-Asl^550a 68-Asb-668 69-Ast-261 69-Ast-261a Average
Green Mstagray- Phyllitic Argillite Metagray- Composite Composite Shale
Argillite wacke Argillite wacke Argillite Argillite
Si°2 58.3 72.9 56.1 57.3 57.3 59.6 58.5 58.19
a i 2o 3 16.4 11.4 14.0 15.2 14.3 16.6 16.4 15.40
Fe2°3 1.0 0.60 0.64 1.1 1.1 1.7 1.8 4.02
Feo 5.7 3.0 5.6 7.7 5.5 5.9 5.8 2.45
Mgo 4.4 1.2 3.7 4.7 3.4 3.3 3.5 2.44
CaO 5.5 2.8 7.0 3.3 6.5 2.6 4.3 3.11
Na90 2.9 1.9 2.6 2.9 2.9 2.8 3.0 1.30
k 2o 1.4 1.2 1.3 1.6 1.5 1.8 1.4 3.24
H20+ 3.0 0.33 3.3 3.7 2.8 3.3 3.0 5.00
H20" 0.05 1.8 0.09 0.33 0.05 0.21 0.19
Ti02 1.0 0.55 0.83 1.0 0.90 0.87 0.89 0.65
p2°5 0.23 0.10 0.35 0.22 0.17 0.21 0.30 0.17
m o 0.06 0.16 0.11 0.13 0.10 0.09 0.10 —
c o2 0.05 1.6 4.3 0.29 3.1 0.05 0.18 2.63
Sum 99.99 99.54 99.92 99.47 99.72 99.03 99.26 99.95
Analyses by P. Elmore, L. Artis, J. Kelsey, G. Chloe, H. Smith, and J. Glenn of the
U. S. Geological Survey
*Average shale composition frcm Pettijchn (1957, p. 344). 
For sample locations, refer to Appendix V.
Table 5. Trace elements in argillites and graywackes frcm the Clearwater Mountains,
___________________________Alaska. All values in ppm. ___________________________
69-Ast-300 68-Asb-266 68-Asb-1048b 68-Asb-550a 68-Asb-668 69-Ast-261 69-Ast-261a
Green Metagray- Phyllitic Argillite Metagray- Composite Composite
Argillite wacke Argillite wacke Argillite Argillite
B N 50 50 20 20 20 15
Ba 150 700 500 300 500 700 500
Co 20 10 20 30 20 15 30
Cr 200 70 100 100 70 100 150
Cu 20 30 100 200 70 100 150
Nb N N 10 7 15 7 10
Ni 100 50 50 70 50 50 70
Pb N 10 7 N 7 7 10
Sc 50 15 30 30 30 30 30
Sr 500 300 300 300 500 300 500
V 500 100 200 300 200 200 200
Y 30 20 20 30 30 30 30
Zr 100 100 100 100 100 100 100
Ga 20 10 15 20 15 20 20
Yb 3 2 2 3 3 3 3
Analyst: Chris Heropoulos of the U. S. Geological Survey.
Looked for but not found: Ag, As, Au, Be, Bi, Cd, La, Mo, Pd, Pt, Sb, Sn,
Te, U, W, Zn, Ce, Ge, Hf, In, Li, Re, Ta, Th, Tl, Eu.
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Depositional Environment
Deposition of the pelitic sequence apparently proceeded without 
appreciable interruption from the shallow water sedimentation pattern 
which produced the limestone and tuffaceous units discussed earlier. 
Continued subsidence and an influx of pelitic muds —  prcbably from a 
northerly source area —  initiated accumulation of the carbonaceous muds, 
silts, and sands which eventually formed about 30,000 feet of section.
The prevalence of delicate cross laminations, thin graded strata, 
and abundant organic carbon with primary pyrite imply that much of the 
unit may have been deposited in a low energy marginal marine environment —  
quite possibly a broad coastal lagoon or deltaic plain, stirred by weak 
tidal currents. The thin limy interbeds and mudclast conglomerates too 
are consistent with this interpretation. The textures, composition, and 
structures are very similar to those described by Smith (1968) and Coleman 
et al (1965) for intertidal and deltaic environments.
Rocks of similar character are exposed in a nearly continuous belt 
for many miles to the west of the map area. It seems reasonable to postu-
late that this part of the pelitic sequence was deposited near the eastern 
end of a narrow seaway extending into the area from the west. The remark-
able aspect of the sediments is their uniformity over thousands of feet 
of section, recording an even subsidence throughout the Lower and Middle 
(?) Jurassic, balanced by deposition. At no time did the basin develop 
into a deep water environment nor one with appreciable bottcm slope. An 
influx of magnesian tuffaceous debris occasionally interrupted the steady 
deposition of pelitic muds, suggesting that the volcanic source area was 
still mildly positive and undergoing erosion: thus a periodic alternation 




Spotted phyHites and semischists occur along the northern border 
of the argillite unit in the western part of plate 1. This unit is the 
first of three wholly metamorphic units to be described in this section 
of the report. This unit and two others, composed of schists and gneisses 
are differentiated on plate 1. All have been derived from pelitic sedi-
ments and calcareous pelites like those described on preceding pages and 
represent a response to a steep metamorphic gradient, increasing in in-
tensity northward. Like the argillitic rocks, the spotted phyllites form 
a gradational unit between the slaty argillites cn the south and higher 
grade schists that border the unit on the north.
Exposures of the phyllites are confined to a wedge-shaped zone ex-
tending into the area of plate 1 fron the west and coinciding with the 
Valdez Creek Basin, now mantled with extensive glacial deposits. Outcrops 
of the rocks are best exposed in the canyons and ravines that drain into 
Valdez Creek from the north. Caribou, Show Me, and Fox Creeks have cut 
through the morainal veneer, exposing the metamorphic bedrock. The 
spotted phyllites also crop out along the south side of the Gold Hill 
and in the Lucky Gulch drainage.
Descriptive Geology
Megascopic Character--- The phyllites form a north-dipping unit,
medium to dark gray on freshly broken surfaces and strongly banded and 
foliated. Compositional laminations between fine- and coarser-grained 
strata occur throughout these rocks as well as the argillites, and on
69
the same scale (fig. 44) . The delicate sedimentary structures are not 
present; rather laminations are smooth and even, reflecting bedding- 
plane controlled shearing to which these rocks have been subjected 
during metamorphism. This is shown clearly in thin section.
Exposed surfaces crosscutting foliation are ccmmonly fluted by 
differential weathering and range from dark yellow brown to light bone 
gray in color. Freshly broken rock is generally medium to dark gray in 
color, and foliation surfaces shew a distinct sheen produced by uni-
formly oriented muscovite and chlorite in the fine grained matrix.
Broken surfaces both in and across the foliation planes are spotted with 
anhedral porphyrcblasts of bronze to black biotite. Individual porphyro- 
blasts, usually randomly oriented with respect to foliation, range in dia-
meter from 0.5 to 3 mm (fig. 45), and ccmmonly shew poikiloblastic in-
ternal textures. These biotites were mistakenly identified as ottrelite 
during earlier reconnaissance work in the area (Moffit, 1912, p. 63).
To seme degree the character of spotting varies across the unit. In 
the south, large biotites cleave readily on breaking the rock and form 
brilliantly shiny plate-like areas throughout the rock. In the northern 
part of the unit, almandine and hornblende form subdued knots and lumps 
on otherwise smoothly foliated surfaces. Biotitic spotting in the north 
is also more subdued, and individual crystals tend to be smeared out in 
a well defined lineation, parallel to dip direction. In homblendic 
horizons of the unit, particularly in the north, amphibole prisms and 
needles are also strongly lineated in the direction of dip, and more 
weakly so in the direction of strike.
Petrographic Description--- Microscopically the phyllites are seen
to consist dcminantly of two assemblages:
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Figure 44. Compositional laminations in phyllite (TKp), similar to
those in argillite unit (Ja). These are probably original 
sedimentary laminae, slightly smoothed by dynamothermal 
metamorphism.
Figure 45. Biotite porphyrcblasts forming spotted texture in phyllite 
unit (TKp). Note diverse orientation of biotite crystals, 
even perpendicular to dominant foliation.
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(1) quartz-albite-chlorite-muscovite- (graphite) ̂ dolomite or calcite
(2) quartz-albite-biotite-rauscovite- (graphite) -dolomite or calcite 
Chlorite-bearing assenblages are camion except along the northern part 
of the unit where clinozoisite or epidote and garnet or hornblende are 




but in more basic horizons is replaced by
quartz-albite-biotite-homblende-epidote- (graphite) .
The latter are interpreted as recrystallized tuffaceous sedimentary beds 
and appear to be intercalated or lenticulated in the metamorphic rocks 
in much the sane manner as are tuffs in the argillitic rocks.
Biotite porphyrcblasts crosscut the fabric of mildly foliated rocks 
in the southern part of the unit. Most are poikiloblastic with inclu-
sions of quartz and graphite, preserved as helicitic remnants of the 
replaced fabric. Grain borders of the biotites are usually serrated or 
irregular and rarely idicblastic. More strongly foliated rocks of the 
unit farther north have similar biotites, but there, they often show 
spiral or snowball inclusions attesting to their dynamothermal growth 
under shearing stress. Garnets exhibiting these structures are also 
present with the rotated biotites. A consistency of attitude of spirals 
in any one thin section demonstrates that they are not merely helicitic 
textures developed over previous folds, but truly record a period of 
shearing parallel to the pronounced foliation. Nearly all such spiral 
grains examined shew a rotation of 70 to 90 degrees (figs. 46 and 98).
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Figure 46. Biotite porphyrcblast with spiral inclusions of graphite from 
phyllite unit (TKp). Photomicrograph in plane polarized light.
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Graphite is generally in idicblastic plates coexisting with chlorite 
and quartz, both of which are more coarsely crystallized than the average 
matrix minerals from which they were reconstituted.
Petrochemistry
The major oxide and trace element content of one spotted phyllite 
sample (68-Asb-417a) is given in table 6. A comparison of these data 
with analyses of argillites in tables 4 and 5 illustrates the chemical 
identity of the two rock types and also the retention of all elements 
through the onset of dynamotherma 1 recrystallization. Similar iso-
chemical behavior during regional metamorphism has been reported by 
Shaw (1954) for pelitic rocks of various grades in New Hampshire.
SCHIST (TKs)
Distribution
With the disappearance of obvious spotting on foliation surfaces, 
the pelitic sequence grades northward frcrn spotted phyHites into semi- 
schists and schists. An abundance of oriented biotite flakes gives 
these rocks a subdued brownish or brownish sheen on freshly broken sur-
faces as contrasted with the silvery grays of chloritic rocks to the 
south; this color difference and lack of spotting form the basis of 
distinction between this unit and the phyllites along the southern border.
The schist unit dips generally northward and occupies a broad area 
of the upper Valdez Creek drainage between Roosevelt and Grogg Creeks 
and underlies the elevated bench north of Valdez Creek (plate 1) . The 
capped unit is truncated by a large quartz diorite pluton in the eastern
T a b l e  6 .  M a j o r  o x i d e  ( A )  a n d  t r a c e  e l e m e n t  ( B )  c o n t e n t  o f  
_ _ _ _ _ _   s p o t t e d  p h y l l i t e  s a n p l e  6 8 - A s b - 4 1 7 a _ _ _ _ _ _ _ _ _ _ _ _ _
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M g O 5 . 0 C u 1 5 0
C a O 2 . 2 N b 1 0
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1 . 6 P b 7
h 2 ° -
00o• S c 3 0
h 2 0 + 3 . 8 S r 3 0 0
T i 0 2 1 . 0 V 3 0 0
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c o 2 . 8 2 G a 1 5
Y b 2
S u m   9 9 . 9 5
— ^ M a j o r  o x i d e  a n a l y s e s  b y  P .  E l m o r e ,  G .  C h l o e ,  L .  A r t i s ,  H .  S m i t h ,
J .  K e l s e y ,  a n d  J .  G l e n n  o f  U .  S .  G e o l o g i c a l  S u r v e y .  R a p i d  R o c k
a n a l y s i s  m e t h o d .
2 / ■
—  S i x - s t e p  s p e c t r o g r a p h i c  a n a l y s i s  b y  C h r i s  H e r o p o u l o s  o f  U .  S .  G e o -
l o g i c a l  S u r v e y .  L o c k e d  f o r  b u t  n o t  f o u n d :  A g ,  A s ,  A u ,  B e ,  B i ,  C d ,  
L a ,  M o ,  P d ,  P t ,  S b ,  S n ,  T e ,  V ,  W ,  Z n ,  C e ,  G e ,  H f ,  I n ,  L i ,  R e ,  T a ,  
T h ,  T l ,  E u .
F o r  s a m p l e  l o c a t i o n ,  r e f e r  t o  A p p e n d i x  V .
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part of the area, but along the southern margin of the pluton it forms a 
narrow selvage between the intrusive and argillitic country rock. The 
schists, like other units in the pelitic sequence, are transitional in 
nature and grade continuously up to the gneisses and high grade schists 
that make up the northernmost unit mapped. This northern contact of the 
schist lies along the base of the cuesta-like ridge north of Valdez 
Creek and can be traced around the hill north of Grogg Creek (plate 1).
Descriptive Geology
Megascopic Character--- Rocks of the schist unit preserve many
features of the spotted phyllites, especially across the southern part 
of the unit. The fine, even laminations persist into the schists and 
most freshly broken specimens are medium to dark gray on the edges, re-
flecting an abundance of chlorite and graphite (fig. 47)• On foliation 
surfaces, most of the rocks display a brewnish gray hue. Oriented phy- 
llosilicate platelets forming the lepicblastic fabric in the semischists 
are generally less than 0.1 mm in diameter and do not form continuous 
micaceous surfaces. As a result the cross-foliation fracture habit of 
these rocks is subconchoidal to irregular. A pronounced fissility or 
fluted breakage habit becomes apparent only in more highly schistose 
rocks to the north, where micaceous surfaces are essentially continuous. 
Numerous thin laminae and horizons are present in this unit which contain 
green amphiboles and pinkish garnets, similar to those in the upper part 
of the phyllites. These interlaminations are ccmmonly lighter in color 
than the enclosing pelites. Most of these grayish colored rocks weather 
into blocky or flat rubble with abundant lichen growth.
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The fine grained grayish rocks grade northward into distinctly 
biotitic or gametiferous schists that make up the bulk of the unit. The 
size of oriented biotites and their degree of planar continuity is much 
greater. Compositional laminations tend to be less prominent than in 
lower grade rocks down section. Incipient segregation layering of 
quartzo-feldspathic components from schistose biotitic laminae is pre-
valent along the northern part of the unit; such segregation layers are 
generally less than 2 mm in thickness. The higher grade schists of the 
unit weather out as large flaggy plates with smooth planar foliation 
surfaces (fig. 48), disrupted only by occasional porphyrcblasts of garnet, 
or locally, by staurolite and hornblende. Biotite and muscovite are the 
essential phyllosilicates in this part of the unit and lend a brownish 
or reddish brown tone to most outcrcps.
Limonite stained quartz veins are present throughout the higher 
grade schists, occurring most canmonly as pods and discontinuous vein- 
lets parallel to foliation. Several of those examined contain small 
quantities of pyrite and pyrrhotite (?) (fig. 49).
Basic horizons throughout the unit contain porphyroblastic horn-
blende (fig. 50). As in the case of the phyllites, the hornblendes are 
usually aligned down dip and more weakly so along strike. Within the 
higher grade part of the unit, however, hornblende needles in randan 
orientation are locally seen on weathered foliation surfaces.
Petrographic Description--- For the most part, rocks of the schist
unit display predictable mineralogical assemblages, well established by 
numerous workers for pelitic, psantnitic, and basic source rocks. The 
roost cornnon paragenesis observed are:
(1) Quartz-plagioclase-biotite-chlorite-(graphite)
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Figure 47. Outcrop of fine-grained schist with thin, even compositional 
laminations (TKs). View west in drainage east of Craig Creek.
Figure 48. Strongly foliate pelites (TKs) showing flaggy weathering 
habit. View northwest in headwaters of Fox Creek.
Figure 49. Limoni tic quartz pods in schist (TKs) .
Figure 50. Schist (TKs) with hornblende prisms on weathered surface.
(2) Quartz-plagioclase-biotite-muscovite- (graphite)
(3) Quart z-plagioclase-biotite-rnuscovite-almandine-clinozoisite 
or epidote-(graphite)
(4) Quartz-plagioclase-biotite-rnuscovite-almandine-staurolite- 
(graphite) tkyanite or sillimanite
Basip horizons are characterized by the assemblages:
(1) Quartz-plagioclase-biotite-calcite-homblende-almandine
(2) Quartz-plagioclase-chlorite-biotite-calci te-homblende 
Apatite, zircon, sphene, and magnetite or hematite are common access-
ories throughout the unit.
The distribution of index minerals denoting specific pressure- 
temperature regions is discussed in the section on metamorphism. It 
should be noted however that these mineral assemblages are indicative 
of both the greenschist and the almandine-amphibolite metamorphic facies, 
illustrating that map contacts, based on the megascopic appearance of 
the rocks, are not precisely coincident with isograd surfaces in the rocks.
Hornblende porphyrcblasts are generally xencblastic or lens shaped 
and many include helicitic remnants of the planar fabric. In most sections 
examined they are rotated from their original orientation (fig. 51). In-
clusions consist mainly of flat or elongate quartz grains and graphite, 
although same include plagioclase as well. Garnets most generally are 
rounded or idiablastic in outline but often shew an internal zone with 
numerous inclusions, with same suggestion of poorly preserved spirals.
The outer zone is clear garnet —  probably accretionary in a late, static 
thermal phase (fig. 52). Atoll structures are locally present in the 
garnets, with circular rims of almandine around cores of chlorite or 
biotite (fig. 53). Secondary chlorite after both biotite and almandine 
is present throughout most of the unit.
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Figure 51. Helicitic textures in hornblende illustrating post-growth 
rotation. Photomicrograph. Sample from schist (TKs) unit.
1 mm
I---------------------------------------------------- 1
Figure 52. Impure garnet with rims of clear almandine probably produced 
in second stage growth. Photomicrograph. Sample from schist 
(TKs) unit.
Staurolite, kyanite, and sillimanite occur in the highest grade 
rocks of the unit and appear to have crystallized largely in a post 
kinematic environment. Metacrysts of the two farmer minerals lie in 
foliation planes, but are often idiablastic and are elongate in random 
directions (fig. 54). Staurolite porphyrcblasts are without exception 
poikiloblastic or sieved with abundant quartzo-feldspathic inclusions. 
Fibrolitic sillimanite is characteristically intergrown with or in felted 
aggregates along borders of biotite and muscovite crystals. Fasicular 
bundles of sillimanite needles also are found within quartz crystals 
in the liighest grade rocks.
The quartzo-feldspathic canpanents of the schists most coirmonly dis-
play a granoblastic-elongate texture with generally straight grain 
boundaries, separated by trains of uniformly oriented micas which impart 
the prominent schistosity. In numerous horizons, however, the leuco- 
cratic constituents are present in ribbon or "sliced" structure (Spry, 
1969) with layers of mica between individual ribbons. This texture is 
interpreted in this study as indicative of extensive intrafolial shearing.
Petrochemistry
A listed summary of major oxides and trace elements for five schist 
samples is provided in tables 7 and 8. An inspection of these data and 
comparison to tables 4 and 6 again verifies the chemical equivalence of 
the metamorphites to the argillitic rocks discussed previously. There 
is little question that the schists were derived frcm pelitic rocks id-
entical to those exposed south of Valdez Creek. This concept of origin 
for the metamorphic belt was suggested, though not verified by analysis, 
by Ross (1933, p. 438) and Kaufrran (1964, p. 3).
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Figure 53. Retrograde atoll structures in garnet from schist (TKs) unit. 
Photomicrograph in plane polarized light.
Figure 54. Staurolite porphyrcblasts in schist (TKs).
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Table 7. Major oxide content of schists from western Clearwater















s io 2 58.7 60.6 62.5 56.8 58.9
A12°3 16.0 15.9 14.9 15.6 15.7
Fe2°3 1.1 0.80 0.89 1.3 0.68
Feo 7.2 6.0 5.1 5.4 8.2
MgO 4.3 3.4 3.3 3.8 5.2
CaO 2.7 4.6 5.4 9.3 2.3
Na20 2.0 3.1 2.8 2.4 2.7
k2o 2.0 2.1 1.6 1.6 1.5
h2o- 0.05 0.03 0.05 0.06 0.04
S2C& 3.5 1.4 1.3 1.1 3.2
Ti02 0.93 0.81 0.69 0.83 0.21
P2°5 0.20 0.24 0.14 0.20 0.20
MnO 0.09 0.14 0.13 0.21 0.24
co2 0.95 0.51 1.1 1.2 0.09
Sum 99.72 99.63 99.90 99.80 99.16
Analyses by rapid rock method. Analysts: P. Elmore, G. Chloe, 
L. Artis, S. Botts, H. Smith, J. Kelsey, and J. Glenn of U. S. 
Geological Survey.
For sample location, refer to Appendix V.
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Table 8. Trace element content of schists from the western 















B 20 — — — 20
Ba 500 1000 700 700 500
Co 30 20 30 20 30
Cr 100 70 100 100 150
Cu 100 100 70 70 100
Nb 10 — — 10 10
Ni 70 50 70 70 70
Pb 7 7 10 7
—
Sc 30 20 30 20 30
Sr 300 1000 700 700 300
V 300 200 150 200 300
Y 30 30 30 30 30
Zr 100 100 70 100 100
Ga 20 15 15 15 20
Yb 3 3 3 3 3
Analyses by six-step spectrographic method. Analyst: Chris Heropoulos 
of U. S. Geological Survey. Locked for, but no found: Ag, As, Au,
Be, Bi, Cd, La, Mo, Pd, Pt, Sb, Sn, Te, V, W, Zn, Ce, Ge, Af, In,
Li, Re, Ta, Th, Tl, Eu.
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GNEISS AND HIGH GRADE SCHIST (TKgn)
Distribution and Contact Relations
The most northerly unit mapped in the present study comprises a 
thick sequence of layered gneisses and schists, essentially of pelitic 
composition, and containing abundant kyanite, staurolite, and sillimanite. 
layered magmatitic and augen gneisses are connon in the extreme eastern 
part of the unit near its contact with the large quartz diorite pluton 
that truncates the metamorphic belt. In a very general way the unit 
grades northward from rocks of gieissic character in the southern part 
to more evenly foliated high grade schists in the northernmost exposures.
Ihe gneiss unit and a foliated sill-like body which intrudes it 
underlie most of the long N.70°E. trending ridge between Valdez Creek and 
the Susitna River. The unit extends eastward under extensive glacial 
deposits along Boulder Creek to the margin of the large pluton. A re-
connaissance north of the map area by light aircraft indicates that massive 
intrusive rock, probably quartz diorite, underlies all of the highland 
exposures north of Boulder Creek. The highest grade iretamorphic terrane 
thus extends along strike into an embayment of a large post-kinematic 
pluton —  possibly of batholitic dimensions. The contact relations of 
intrusive rocks adjoining the gneiss unit are discussed in the section 
on igneous rocks.
The southern contact between the gneiss and biotite-garnet schists, 
interpreted as a ductile thrust fault, produced during metamorphism, lies 
generally along the base of the ridge north of Valdez Creek. In the west 
it crosses the ridge at a low angle and intersects the large sill that 
occupies the crest (plate 1). The schist-gneiss contact is also well
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exposed on the ridge north of Grogg Creek. Along the entire length of 
the contact, it marks an abrupt discontinuity in the metamorphic pelites —  
both texturally and mineralogically —  from fine grained, smoothly 
weathering schists to coarse grained competent gneisses which form craggy 
cliffs or ridge lines (fig. 55) and which contain high grade polymorphs 
of A^SiO^, apparent wherever the contact is crossed.
Descriptive Geology
Megascopic character--- Just above the southern contact the unit
consists dominantly of evenly layered gneiss with coarsely crystalline 
layers of quartz-feldspar alternating with micaceous laminae. The over-
all color of the rock frcm a distance is brownish gray or brownish black. 
Component layers range frcm 1/8 to 1 inch in thickness, although the 
quartzo-feldspathic bands are generally somewhat thicker than the inter-
vening micaceous layers (fig. 56). There is a tendency in the eastern 
part of the unit for leucocratic horizons to be thicker and more massive.
In this area, the strike of foliation swings from a prevailing N.60-80°E. 
to about N.40°W., maintaining a consistent northerly dip. Concordant 
pegmatitic pods of quartz-plagioclase with occasional tourmaline or 
muscovite and quartzose rods are prevalent in the gneisses as well as 
snail, concordant bodies of highly foliated quartz diorite —  sane of which 
are gametiferous and scarcely distinguishable frcm adjoining paragneisses.
Foliation surfaces of the gneisses and high grade schists are much 
more maculose and undulatory than those of the schist unit. Abundant 
stubby books of biotite and muscovite to 1/4 inch or more in size are 
crudely oriented in the plane of foliation, lending a submetallic glisten-
ing appearance to the rocks (fig. 57), in contast to the smooth sheen of 
the schists in the underlying unit.
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Figure 55. Contact between smoothly weathering schists (TKs) below and 
craggy weathering gneiss above (TKgn) . View north across 
mouth of Grogg Creek.
Figure 56. Pronounced layering in gneiss (TKgn).
Megascopic porphyrdblasts of pink almandine, kyanite, and locally 
staurolite are present on many weathered foliation surfaces. Garnets 
commonly weather in bold relief either as rounded and idicblastic forms 
or as poly crystalline aggregates attaining an inch or more in diameter 
(fig. 58) . Bluish white or grayish kyanite blades are observable on 
many partings along micaceous layers of the gneisses (fig. 59); many of 
the blades are 2 or 3 inches in length. Garnet porphyroblasts are pre-
sent in both leucocratic and micaceous layers, and locally small prisms 
of black tourmaline nay be seen as well. Staurolite is generally only 
apparent in thin section, but on rare occasion occurs as idiablastic 
prisms or displays cruciform twinning (see fig. 54).
The higher grade schists along the northern extremity of the unit 
typically exhibit coppery-bronze glistening surfaces, scmewhat less 
irregular than schistose layers in the gneisses. Parts of the unit con-
sisting dominantly of schist also include minor horizons of highly con-
torted migmatitic gneiss, many of which are only a few inches or at most 
one or two feet thick (fig. 60). These horizons in the schist were 
apparently zones of high shear mobility and commonly display numerous 
intrafolial folds —  both rooted and rootless —  with amplitudes of 
several inches. Axial planes of most such folds are entirely recumbent 
and lie mainly in the plane of dominant foliation (fig. 61). Attitudes 
of these structures, suggestive of drag folds, indicate a high degree 
of penetrative shear strain in the rocks, with relative uplift on the 
north and left lateral displacement, all movement occurring within the 
foliation planes. These megascopic features play an important role in 
the genetic mechanism postulated for the metamorphic belt; this concept 
^  discussed more fully in the section on metamorphism.
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Figure 57. Glistening roaculose surface of gneiss (TKgn). 
porphyrablast at lower right.
Note kyanite
Figure 58. Aggregates °f garnet on weathered surface of gneiss (TKgn).
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The plane of dominant schistosity follows original bedding in the 
gneisses as well as in the schist and phyllite units, as is shewn clearly 
on the third northerly trending nose extending down from the ridge east 
of the Susitna River in sections 14 and 23. There, a thin horizon of 
impure blue-gray marble and an amphibole-rich basic horizon are laterally 
continuous for thousands of feet —  within the plane of metamorphic 
foliation. This part of the unit, consisting mostly of schist, is not 
as extensively recvrstallized as the gneissic portions. The calcareous 
horizon preserves sane textures suggestive of cross bedding (fig. 62), 
indicating a probable upright position for the beds. Biotite spotting 
and even laminations about 1 /2 to 1 inch thick between dark graphitic 
bands and lighter quartzo-feldspathic layers are common near the liny bed, 
approximately at the sane scale as those found in the sediments to the 
south. Crenulated lineations in the foliation, plunging dewndip, are 
present in several pelitic horizons near the marble.
Petrographic Description--- Texturally the gneisses represent a con-
siderable departure fran the schist unit to the south. Predominant 
quartzo-feldspathic constituents are present in essentially pure segre-
gations in granablastic polygonal relation to adjacent grains. Grain 
sizes average from 1 to 2 irm and most grains join at equal or suboqual 
angles in the triple points, implying a close attainment of chemical 
equilibrium. Micaceous components comprise imperfectly oriented subidio- 
blastic and tabular blocks of biotite and muscovite. The latter appears 
in many sections to be later than the biotites and is present in..more 
widely diverse orientations.
Plagioclases are restricted to the narrow compositional range from 
A'U34 t° ̂ 45, well within andesine brackets. Zoning, if present, is
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smoothly normal or, more rarely, slightly patchy —  possibly as a result 
of partial granulation and rehealing. Myrmekitic intergrowths are 
locally present along grain boundaries, especially in very coarse grained 
rocks with abundant sutured boundaries; these are however of compara-
tively rare occurrence.
Both biotite and muscovite crystals commonly include trains of finely 
crystalline graphite assumed to be inherited fron the sedimentary fabric. 
Many of these document a rotation of host grain during or after growth, 
illustrating further the pervasive shearing that the rocks have undergone.
In thin section, kyanite and staurolite are without exception por- 
phyroblastic or poikildblastic. Grains are often elongate but are mainly 
subidioblastic or xenoblastic in form, crosscut other fabric elements, 
and contain inclusions of most other minerals except for the micas and 
garnet. Sillirranite occurs as slender needles, fasicular bundles, or in 
fibrous aggregates as a replacement of muscovite and biotite. Less 
coirmonly it is present within quartz grains or associated with kyanite.
Almandine garnets, like those described in the schist unit, are 
daninantly subidicblastic or idioblastic, pink in color, and transect 
most other minerals in both micaceous and quartzo-feldspathic laminae. 
Inclusions of quartz are commonly present in the inner zones of the 
garnets. However, inclusion trains here shew no suggestion of apparent 
structure such as spiral or foliar orientation. Retrograde replacement 
of certain zones by biotite, quartz, and chlorite is shown by well 
developed atoll structures in some specimens (Rast, 1965). Secondary 
chlorite in random orientation is widely developed after biotite and 
almandine.
The most cannon mineral assemblages in the paragneisses are:
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(1) quar tz-plagioclase-biotite-muscovite-almandine- (kyanite, 
sillimanite)- (graphite)
(2) quartz-plagioclase-biotite-muscovite- (kyanite, sillimanite)- 
(graphite)
(3) quart z-plagioclase-biotite-muscovite- (kyanite, sillimanite, 
staurolite)- (graphite)
(4) quartz-plagioclase-biotite-imuscovite-(kyanite, staurolite)- 
(graphite)
Clinozoisite, sphene, magnetite, zircon, and tourmaline are widely dis-
tributed as accessory constituents in most of the pelitic rocks. Basic 




(3) quartz-plagioclase-hornblende-biotite- (graphite) iminor alirandine, 
kyanite or clinozoisite
These assemblages are characteristic of the amphibolite facies, al-
though the respective index minerals to the various subfacies are not 
distributed in well defined zones but instead all appear simultaneously 
at the lower contact, i.e., the staurolite, kyanite, and sillimanite 
isograds are superimposed, lending support to the interpretation of this 
contact as a deep seated thrust surface.
Chemistry
As implicitly outlined in the previous pages of this section, the . 
bulk of the gneisses are rather heterogeneous in any single outcrop, and 
owing to their large grain size and permeability are deeply weathered in
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most exposures. Because of the sensitivity of the major oxide content 
to slight textural and mineralogical inhomogeneities, a number of samples 
were analyzed for trace elements only. These data, along with averages 
of trace element content for the gneisses, schists, and argillites are 
provided in table 9. It should be noted that there is a considerable 
fluctuation of element content between various gneiss samples —  a much 
wider spread than has been noted for the lower grade metamorphites. This 
is most likely related to the more extensive recrystallizing and segre-
gative processes which have operated on these rocks and possibly also to 
a rretasomatic effect of the large pluton and the numerous sills or minor 
intrusives found throughout the unit. Most of the latter are highly 
foliated and were probably emplaced prior to the last dynamothermal 
episode.
Figure 63 shews trace element profiles of the compositional averages 
listed in table 9. The profile for an average gneiss is broadly corre-
lative with those of the lower grade rocks, but also displays some 
significant differences. Scandium and yttrium are deficient by a factor 
of 2 or 3, perhaps reflecting their tendency for concentration in late 
stage magmatic fluids (Vlasov, 1966) and possibly also in near-anatectic 
netamorphic fluids such as would be present in these rocks. Metamorphic 
dispersion near the melting point provides a plausible mechanism to ex-
plain deficiencies of these elements and of copper, which is also low by 
a factor of 5. A slight paucity of cobalt and nickel is also apparent 
but is less readily explained in terms of classical geochemistry. Both 
elements should be stably bound in the mafic silicates of these rocks, 
the last phases to undergo partial melting.
Table 9. Trace element content of gneiss samples 
Clearwater Mountains
and average values for metamorphites frcm the weste: 
. All values in ppm.






















Ag 7 ___ _ _ __
B — — — 15 10 — 5 7 20
Ba 700 1500 500 1500 1500 1500 1000 700 500
Be — 1.5 •-- — •-- — 0.2 — —
Co 10 15 — 10 10 10 10 30 20
Cr 150 300 30 300 70 70 150 100 100
Cu 30 30 5 70 5 7 200 100 100
Nb 10 10 10 10 10 10 10 7 7
Ni 30 100 15 70 30 30 30 70 70
Pb 10 15 30 15 30 20 20 7 5
Sc 20 20 5 15 10 7 10 30 30
Sr 300 300 700 150 700 700 500 700 300
V 300 300 30 300 70 100 200 200 200
Y 15 15 10 20 15 10 15 30 30
Zn — — — 200 — 200 70 — —
Zr 70 150 150 150 500 300 200 100 100
Analyses by six step spe'.trographic method. Gneiss samples analyzed by K. J. Curry of U. S. 
Geological Survey. Averages for schist and argillite from previous text tables. Looked for 
but not found: As, Au, Bi, La, Mo, Sb, Sn, W.
Numbers under average gneiss, etc., indicate number of samples averaged.
C l
mm:.




Figure 63. Trace element profiles of average argillite (Ja), schist (TKs) 
and gneiss (TKgn) from text tables.
The presence of excess lead, zinc, and silver in the gneiss over 
lower grade metamorphites may be explained as simple metasomatic 





As shewn on plate 1, much of the lowland area in the western Clear-
water Mountains is mantled by a diverse variety of surficial deposits.
The lithology and distribution of these deposits have been studied in 
detail by Reuben Kachadoorian, David M. Hopkins, and Donald R. Nichols 
of the U. S. Geological Survey (1954 and unpublished). Their investiga-
tions, conducted prior to 1960 in preparation for the Denali Highway 
construction, form the basis for this section and for all surficial nap 
units shewn on plate 1. These workers have generously allowed the writer 
complete access to their unpublished maps, notes, and preliminary 
manuscripts. As a result of their comprehensive effort, it was possible 
to prepare what is essentially an outcrop nap of bedrock geology in the 
Clearwater Mountains. Pending completion and publication of their work 
and, in view of the progress status of the surficial studies, the units 
of Pleistocene and Recent age will be treated here only in brief 
abstract. Most of the ideas, ages, and lithologic descriptions expressed 
in this section are taken directly frcm, or closely paraphrased from un-
published materials. The writer accepts full responsibility hewever for 
differences in interpretation, modifications, and additions to the 
earlier work. The reader should be aware that many of the concepts 
discussed herein are tentative and nay be subject to revision with 
continued investigation.
GENERAL DISCUSSION
A great majority of valleys in the Clearwater Mountains are underlain 
by deposits of glaciers originating in those mountains and in the Alaska
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Range to the north. Glacial drift of five ages is distinguished on 
plate 1, documenting five stages of advance, each succeeding stage of 
which was generally of lesser extent and of lower elevation than its 
predecessors. Inferred ages of the five advances are tentatively: pre- 
Wisconsin (?) , termed pre-Denali glaciation//: Early Wisconsin (?) or 
Denali//: Late Wisconsin (?) or Hatchet Lake^/: Early Recent (?) or 
Alpine Creek//: and an unnamed Recent advance culminating in the last 
century or two. Wind blown silt a few inches thick mantles most of the 
drift except that deposited most recently. The inferred distribution 
of glacial ice and moraines developed during the various advances is 
shewn on figure 64, modified slightly from a compilation by D. R. Nichols.
Buried lake sediments are exposed in several places where streams 
have dissected surface drift. Some of the material shown on plate 1 as 
swamp deposits may consist largely of lacustrine sediments that accumu-
lated in snail depressions, on the original drift surfaces, and are new 
overlain by peat and organic silt of Recent age.
The glacial deposits have been extensively reworked, particularly 
in broader valleys, and redeposited as alluvium along most of the streams. 
Talus cones and compound aprons cover the lewer walls of most mountain 
valleys, and with accumulation of interstitial ice in many of the cirques, 
have flowed out as prominent rock glaciers. The latter occur as labate, 
tongue-shaped, and spatulate forms (fig. 65), several of which possess 
morphologies indicative of current activity, i.e., steep bare fronts and 
sharp angles between the front and upper surfaces (Wahrhaftig and Cox, 
1959, p .  392).
•//All names informal and subject to revision.
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EXPLANATION
G3 "A lpine Creek" (Early Recent?)
"Hatchet Lake" (Late W isconsin?) 
Gj "Dena li" (Early W isconsin?)
-.... Crest of prominent moraine
----- ^  Inferred d irection  of 1ce movement
Y llJ]P  Unglaciated highland
Li£i!£ilation by n. p N ichols. U.S. Geological Survey.




Vegetated colluvial slopes are cannon in the area, especially on 
older erosion surfaces (figs. 66 and 67); many show advanced develop-
ment of solifluction lobes and terraces, illustrative of the periglacial 
conditions existing since withdrawal of the glaciers (fig. 68). Locally, 
snowbanks accumulate just be lew the scarps of individual terraces, 
accelerating their formation by nivational processes in the sunnier seasons.
DESCRIPTIVE GEOLOGY
Ihe following abbreviated lithologic descriptions have been closely 
paraphrased from the legend of a preliminary irap by Hopkins, Kachadoorian, 
and Nichols (unpublished). Inasmuch as their investigation is peripheral 
to, and separate from, the intent of the present study, only a brief 
suimary of the surficial geology is reported here.
Deposits of Recent Age
Alluvial fans (Qaf)--- Poorly sorted gravels and sands ranging frem
coarse bouldery gravel at apex of fans to sand and silt at toe of larger 
fans. May have varying amounts of wood and peaty organic material inter-
mixed throughout.
Alluvial plains (Qas)--- Bedded and sorted river and stream de-
posits ranging from clean, medium gravel near glaciers and in high 
valleys to fine sand and silt in lower reaches of large rivers.
Colluvium (Qc)--- Composed of heterogeneous mixture of materials
derived frem units upslope or in bluffs. Includes frost action deriva-
tives and solifluction terraces, etc. (See figure 68).
Swamp deposits (Qs)--- Thick accumulations of silt and sand with
large amounts of vegetative matter intermixed in areas of poor drainage.
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Figure 65. Active (?) rock glacier (Qr) in upper White Creek drainage.
Figure 66. Former erosion surface in Clearwater Mountains, View north 
from Lucky Hill across Roosevelt and Valdez Creeks. Lowland 
in background may be correlative with foreground surface.
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Figure 67. Former erosion surface in Clearwater Mountains. View southeast 
on ridge east of Eldorado Creek.
Figure 68. Solifluction lobes and terraces (Qc) on slope east of Lucky 
Gulch.
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Standing water may be present particularly in wet summers, after winters 
of heavy snowfall, or along rivers in areas periodically flooded by 
stream overflow. Away fran rivers, swamps are probably old, drained 
lake basins.
Talus deposits (Qt)--- Rubbly angular deposits of shattered and
loose bedrock debris carried downs lope by gravity and deposited along 
slopes as compound aprons or below steep gullys as cones.
Rock glacier deposits (Qr)--- Rock glaciers formed in cirques and
protected mountain valleys by accumulation of shattered bedrock rubble 
and with movement downs lope as a unit with varying amounts of silt and 
interstitial ice. Only a few are actively moving today (fig. 65) .
Deposits of Early Recent (?) Age
Ground moraine (QgJ --- Ground moraine composed of till and minor
amounts of washed material of Alpine age (post thermal maximum?). Surface 
is generally not hummocky in valley bottoms but is very irregular in 
snail upland valleys.
Morainal deposits (Qm^)--- Lateral, medial, and terminal moraines
of early Recent (?) age. Generally composed of coarse, angular rubbly 
till except in large valleys where till has sandy and silty matrix.
Local concentrations of sorted and unsorted sand and gravel are too small 
to nap. Generally fresh irregular topography.
Outwash deposits (Q0 2)— Outwash sands and gravels of early Recent 
(?) generally lying in front of moraines. Composed of sorted and bedded 
sand and gravel. Some deposited on stagnant ice which has since melted, 
deforming or destroying bedding and resulting in pitted deposit.
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Rock glacier deposits (Qr^)--- Rock glaciers of early Recent (?)
age in areas too lew in elevation, or too exposed for the formation of 
glaciers with precipitation and temperature at that tine. Probably few 
have little if any ice remaining in them today.
Deposits of Late Wisconsin (?) Age
Ground moraine (Qg2)--- Composed of till and minor amounts of washed
material. Irregular, hummocky topography.
Morainal deposits (Qm9)--- Lateral, medial, and terminal moraines
of Late Wisconsin (?) age. Generally composed of silty and sandy till 
forming ridges and sharp topographic forms in valley bottoms and sides 
with kettles and lakes. They include numerous pockets of sand and 
gravel, generally well washed and frequently contorted. Materials are 
coarser in upland valleys.
Channeled ground moraine (Qc^)--- Ground moraine with well defined
channels 5 to 50 feet or more deep incised into till surface. Poorly 
sorted sands and gravels occupy channel bottoms.
Outwash deposits --- Outwash sands and gravels generally just
within or outside moraines of Late Wisconsin (?) age. Generally sorted 
and bedded.
Kame-esker complex (Ckg)--- Eskers and kames formed under Late
Wisconsin (?) ice. Sharp crested sinuous ridges of sand and seme gravel 
with occasional till mantle. (See fig. 69.)
I
Deposits of Early Wisconsin (?) Age
Ground moraine (Qg-])--- Same as Late Wisconsin (?) ground moraine
(0g2) but slightly more subdued.
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Figure 69. Kame-esker complex near mouth of Windy Creek. View southwest.
•Same as Late Wisconsin (?)Lateral and ground moraine (Qm^) 
morainal deposits (Qm2) but slightly more subdued.
Kame-esker complex (Qk^)--- Same as Late Wisconsin (?) Kame-esker
deposits (Qk2) but of Early Wisconsin (?) age.
Deposits of Pre-Wisconsin (?) Age
Drift (Qd)--- Till and/or outwash of a glaciation older than Denali




Plutonic and hypabyssal rocks of the western Clearwater Mountains 
show a wide compositional range from alkalic pyroxenites to monzotona- 
lites and quartz monzonites. The largest bodies are principally of 
granodioritic composition and form much of the bedrock represented in 
the northern part of plate 1. Numerous small stocks and dikes of 
slightly more diverse compositions have intruded the pelitic and volcanic 
sequence south of the larger granodiorite bodies. For the purpose of the 
following discussion the intrusive rocks are considered generally as indi-
vidual, though in part series related, entities —  indexed by location in 
figure 70. Available radiometric ages determined for this study are also 
shown in figure 70.
A classification of many such intrusives in the map area by norma-
tive feldspar content is provided in figure 71, which establishes a basis 
for the assignment of rock names in the following discussions of indivi-
dual bodies.
Foliated Quartz Diorite Sill (Kqd)
Intrusive Body I:
The ridgeline north of Valdez Creek is underlain by a foliated 
intrusive body about three-fourths mile wide and seven miles long. It 
is dominantly quartz diorite, but locally it grades into areas of mafic 
ciuartz diorite and, less commonly, into felsic variants with only 10 or 
15 percent mafic components.
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Strike  and dip of 
beds or fo lia t io n
CONTACT
Dashed where approximate, 
dotted where concealed
FAULT
Dashed where approximate 
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figure 70. Index map showing location and ages of intrusive rocks discussed 






O small stocks (TKi)
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a dikes (TKi)
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71. Classification diagram for intrusive rocks of Clearwater 
Mountains using normative feldspars (after Hietanen, 1963, 
p. 37). Roman numerals are individual intrusive bodies on 
Figure 70. Arabic numerals refer to sample analyses reported 








Foliation in the sill is exactly parallel to the attitudes of ad-
jacent metamorphites which the sill intrudes. In thin section the planar 
texture is seen to be the result of a very slight granulation and meta- 
norphic recrystallization of an original igneous texture —  with con-
current growth of subparallel biotites. Numerous xenolithic slivers and 
lenses of gneiss and high grade schist are preserved within the sill, 
some of the larger of which are shown on plate 1. In the eastern part 
of the unit, the sill is divided by a large tongue of paragneiss, 
approximately 1000 feet thick and at least three miles long.
All such inclusions of metamorphic country rock closely parallel 
the prevailing foliation attitudes and preserve their high grade mineral 
assemblages, including seme relict sedimentary structures such as deli-
cate helicitic trains of graphite through porphyroblastic minerals. The 
fact that these metamorphic inclusions persisted within the igneous body, 
either stably or netastably, implies that the quartz dioritic magma was 
intruded interkinematically along the schistosity of previously exist-
ing high grade metamorphites, solidified, and was itself sheared and 
annealed by continued metamorphism.
Ihe gneissose fabric of the quartz diorite and its inclusions was 
reported in earlier work in the region. Ross (1933, p. 440) noted that 
sate of the sill appeared almost as schistose as the schist it intruded. 
Both he and Moffit (1912) mistakenly considered the southern contact of 
the sill to be the edge of a large batholith, extending to the north, 
and attributed the entire metamorphic belt to contact effects along its 
margin.
The sill and its inclusions as well as nearby country rock have 
teen intruded later by granodiorite and quartz diorite magma, forming
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snail veins, dikes, and sills. Most of these are fine-grained, equi- 
granular, non-foliated, and more leucocratic than the main quartz 
diorite body.
Less weathered outcrops in the quartz diorite are generally light 
or medium gray in color and commonly shew the platy fracture habit of 
the crudely foliated rocks (fig. 72). In most exposures the rocks show 
medium- or coarse-grained phanerocrystalline textures with average grain 
sizes between l and 3mm, hut with mildly lenticular feldspar porphyro- 
clasts to 5 mm. Granulation and recrystallization effects have not 
been extreme in these rocks, and in consequence their megascopic appear-
ance is more that of an equigranular, granitoidal rock than that of a 
netamorphite. Little or no compositional banding is evident in the unit, 
in contrast to the distinct segregation layering in adjoining paragneisses.
The modal composition of the unit, estimated in numerous hand 
specimens and several thin sections, is approximately 45% plagioclase,
25% quartz, 25% biotite, and 4% hornblende with minor sphene, muscovite, 
apatite, clinozoisite, magnetite, graphite, and chlorite as accessories. 
Sparsely distributed almandine garnets are present in seme of the rocks.
Slightly cataclastic textural elements occur throughout most of the 
unit, illustrating the penetrative deformation during the metamorphism. 
Larger porphyroclastic igneous plagioclases, of composition An^-^ngg/ 
are broken, shew deformation twinning, ragged borders, relict euhedral 
oscillatory zoning, and patchy mottling. Adjacent recrystallized grains 
of smaller size are generally unstrained and unzoned. Most of the 
larger quartz crystals exhibit strain lamellae and sometimes minor 
mortar structure; most grain boundaries are sutured or irregular. Bio-
tite is present as crudely oriented, stubby, subhedral or anhedral
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crystals, many of which include thin graphite plates roughly parallel 
to (001).
The similarity of trace element content between the igneous rocks 
and adjacent gneisses is shown in table 10 and figure 73. The quartz 
diorite sample shows a slight deficiency of boron, lead, and yttrium 
and an excess of lanthanum as compared to the paragneisses, but is other-
wise essentially identical. These data are not sufficient to prove an 




The largest single exposure of intrusive rock mapped in the present 
study is represented in the northeastern part of the map area. The 
highlands and most of the surficial cover in that area are underlain by 
honogeneous granodiorites and quartz diorites. The bulk of the unit, 
represented by the samples plotted as solid circles on figure 71, has 
normative Or-Ab-An ratios in the granodiorite field, though near the 
composition of quartz diorite. Locally there are gradations into quartz 
diorite, diorite, and less cannonly into trondjemitic phases with a low 
mafic content.
Most of the rocks of intrusive body II (Tgd) are medium light gray 
in color and form blocky or rectangular talus with blocks several feet 
in dimension (fig. 74). The craggy ridges and debris slopes underlain 
hy these rocks support no vegetation other than scattered lichens, and 
shew a characteristic mottled gray tone from a distance (fig. 75).
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Table 10. Trace element content of foliated sill 












Analysis by six step spectrographic method. Analyst: K. J. Curry 
of U. S. Geological Survey. Looked for but not found: Ag, As, Au, 
B, Be, Bi, Cd, Mo, Pb, Sb, Sn, W, Y, Zn.
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Comparison of trace element profiles 




Figure 74. Blocky talus derived from massive granodiorite pluton (Tgd, 
intrusive body II). View west near Lake 4070, south of 
Boulder Creek.
Figure 75. Mottled gray talus slopes over granodiorite pluton (Tgd).
View north from ridge west of Clearwater Creek, in extrema 
northeastern part of nap area.
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The contacts of the unit are both concordant and discordant with 
attitudes in surrounding metamorphic rocks. Along the southeastern 
margin of the pluton, it is moderately to strongly foliated, parallel to 
the adjoining schists. In thin section, this foliation is narked by 
moderate protoclas's along the border zone. Plagioclases are bent or 
broken, quartz grains are strained, and biotite and hornblende tend to 
be crudely aligned —  producing the somewhat gneissic texture.,
Ihe western border of the granodiorite pluton, exposed on the ridge 
north of Grogg Creek, is discordant at a low angle with the gneisses 
and schists that make up the country rock in that area. Slivers of 
schist, stretched-out or rounded xenoliths, and dikes into the host are 
cannon along this western contact (figs. 76 and 77). The plutonic matrix 
there shews little preferred orientation other than a faint foliation —  
probably attributable to magnetic flowage.
Estimated modal compositions of the intrusive body are variable with 
quartz varying fran 8 to 16%, plagioclase from 50 to 65%, subequal 
amounts of hornblende and biotite from 20 to 35%, and orthoclase from 
2 to 20%. Sphene, apatite, magnetite, and graphite are typical access-
ories in most of the rocks examined.
In the interior of the pluton, away frem protoclastic or contamin-
ated border zones, textures are mainly allotricmorphic-granular or 
hypidiomorphic-granular with grain sizes fran 1 to 4 mm. Hornblendes are 
green and spongy, or more rarely prismatic. Anhedral brown biotites 
occur interstitially, as a replacement of hornblende, or less coimonly 
as euhedral books within large plagioclases. Plagioclase crystals in 
the compositional range An23~An33 shew a slight normal zoning or in 
large crystals a diffuse, shadowy oscillatory zoning —  again with a
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Figure 76. Streaked-out xenolith near western contact of granodiorite 
(Tgd) on ridge north of Grogg Creek.
Figure 77. Rounded xenoliths near western contact of granodiorite (Tgd) 
on ridge north of Grogg Creek.
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normal trend. Patchy twinned areas or areas of patchy zoning are also 
coimon in many of the plagioclases. Small quantities of interstitial 
orthoclase, seme of which is perthitic, are present in most of the 
rocks, increasing to 15% or more in the trondjemitic phases.
Ihe major oxide and trace element chemistry, and norms of five 
samples from this unit are provided in tables 11, 12, and 13. The 
positions of Alk-F-M ratios for these samples and other bodies in the 
study area are shown in figure 79. All of the rocks from this pluton 
are slightly to the alkaline side of center on the Alk-F-M plot; their 
position relative to those of other small bodies in the area suggests 
that many of the smaller stocks nay be differentiates of the sane 
magmatic series.
Potassium-argon radiometric ages of biotite and hornblende separated 
from sample 69-Ast-137 in this body are 61.2 t 2 and 66.3 t 2 million 
years respectively (M. A. Lanphere, U. S. Geological Survey, written 
coitinun., 1970) . Inasmuch as this body is compositionally and texturally 
very similar to igneous body I, their emplacement is interpreted to be 
nearly time synchronous, the foliated sill being emplaced only slightly 
earlier. The sill has clearly been involved in the latest episode of 
dynamotherrral activity, and hence the date on igneous body II provides 
a lower limit of age for intense effects of the regional metamorphic 
event.
SMAUL STOCKS, DIKES, AND SIT IS (TKi)
Intrusive Bodies III-XII
Small Plutons--- In addition to the large igneous units discussed
above, several smaller stocks and hypabyssal bodies have intruded the
Table 11. Major oxide analyses for rocks from intrusive body II (Tgd)
_____________ in Clearwater Mountains. All values in %.
Sample No. 1 2 3 4 5
Field No. 68- (7> 00 1 68- 68- 68-
Asb- Asb- Asb- Asb- Asb-
306 312 451 455a 1048c
Igneous Body II II II II II
Rock Type GD GD QD GD QD
Si02 56.2 58.9 52.5 61.6 60.1
M 2°3 17.2 17.0 19.2 17.0 16.6
Fe °3 1.1 1.0 0.65 1.1 1.2
FeO 6.1 5.3 6.5 4.3 4.8
MgO 4.6 4.0 5.0 2.9 3.5
CaO 6.1 5.5 7.6 5.1 5.3
Na20 3.3 3.4 3.7 3.7 3.6
k26 2.0 2.0 1.0 1.8 2.1
h2o; 0.18 0.10 0.05 0.05 0.08
h2o+ 1.1 1.1 1.0 1.0 1.2
Ti02 1.1 0.88 1.4 0.93 0.88
P2°5 0.44 0.35 0.46 0.31 0.34
MnO 0.14 0.12 0.13 0.11 0.13
co2 0.08 0.05 0.05 0.05 0.08
Sum 99.64 99.70 99.24 99.95 99.91
GD....granodior ite
QD....quartz diorite
Analysis by rapid rock technique.
Analysts: P. Elmore, G. Chloe, L. Artis, S. Botts, H. Smith, J. Kelsey 
of U. S. Geological Survey.
For location of samples, refer to Appendix V.
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Table 12. Trace element content of rocks from igneous body II (Tgd) in
Clearwater Mountains, Alaska. All values in ppm.
Sample 1 2 3 4 5
Field No. 68- 68- 68- 68- 68-
Asb- Asb- Asb- Asb- Asb-
306 312 451 455a 1048c
Element
Ba 2000 1500 1500 1500 1500
Co 50 30 30 20 30
Cr 200 200 200 100 150
Cu
t
50 70 50 20 50
La — — 30 — —
Nb 10 — 15 15 15
Ni 70 70 70 50 50
Pb — — 7 7 10
Sc 20 20 30 15 20
Sr 1500 1000 1500 1500 1000
V 200 200 200 150 150
Y 20 20 30 15 20
Zr 100 150 100 100 150
Ga 20 20 20 20 30
Yb 2 2 2 1.5 2
Analyses by six-step spectrographic method. Analyst Chris Heropoulos i
u* s* Geological Survey,. Locked for but not found: Ag, As, Au, B, Be
Bi, Cd, Pd, Pt, Sb, Sn, Te, U, W, Zn, Ce, Ge,, Hf, In, Li , Re, Ta, Th,
and Eu.
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Table 13. CIPW norms for rocks from intrusive body II (Tgd) in Clear-
water Mountains, Alaska.
Sample No. 1 2 3 4 5
Field No. 68- 68- 68- 68- 68-
Asb- Asb- Asb- Asb- Asb-
306 312 451 455a 1048c
Igneous Body II II II II II
Rock Type GD GD CP GD GD
q 6.64 10.68 0.88 15.38 12.09
or 12.02 12.01 5.98 10.79 12.60
ab 30.13 31.02 33.61 33.70 32.83
an 26.66 25.08 33.22 23.29 23.29
c — 0.22 — 0.61 —
ne — — — — —
wo 0.27 — 0.63 — 0.26
en 12.92 11.22 13.97 8.12 9.81
fe 7.49 6.58 7.96 4.84 5.66
fo — — — — —
fa — — — — —
mt 1.17 1.06 0.69 1.17 1.27
il 1.56 1.25 1.97 1.31 1.25
ap 0.94 0.74 0.97 0.66 0.72







area of plate 1 and figure 70. The majority of the small bodies examined 
were emplaced prior to the final stages of the metamorphic event, possibly 
interkinematically, and show secondary textures and mineral assemblages 
characteristic of the metamorphic zones in which they are found.
Most of the small stocks display medium-grained phanerocrystalline- 
equigranular or phanero-porphyritic textures, modified to some extent by 
secondary processes. Widespread development of epidote and chlorite has 
produced grayish-green colors in most of the rocks. Those emplaced in 
higher grade metamorphites have slightly cataclastic textures with con-
sequent foliation and locally contain secondary pink garnets —  seme of 
which are euhedral. Between the biotite and almandine isograds, intru-
sive rocks shew abundant secondary biotite, more fine grained than 
original igneous biotite. Within the biotite and lower grade zones, 
plagioclases are albitized with attendant development of epidote, clino- 
zoisite, sericite, and in the lowest grade zones, chlorite and prehnite.
By normative feldspar content, these small stocks vary widely in 
classification from gabbros to granodiorites or monzotonalites as shown 
in figure 71.
Dikes and Sills--- Numerous minor hypabyssal intrusives were also
mapped in the present study, chiefly in the area north of Windy Creek; 
locations of these are shown in figure 78. The majority of these rocks 
are grayish-green in tone, and in the pelitic hosts weather in positive 
relief. Like the small stocks, these bodies have been involved in the 
regional metamorphism and display mineral assemblages characteristic 
of the various metamorphic zones. Where the dikes have intruded vol-
canic hosts and both were metamorphosed, the two are virtually 
redis tinguishable.
Strike  and dip of 
beds or fo lia t io n
CONTACT
Dashed where approximate, 
dotted wiiere concealed
FAULT
Dashed where approximate 
dotted where concaalad
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figure 78 Index map showing location of dikes and sills mapped in present 
study. Size of each body greatly exaggerated. For geologic legend, 
see figure 3.
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In thin section, rocks from the dikes and sills contain essentially 
unaltered augite phenocrysts, imbedded in a pilotaxitic or intergranular 
matrix —  now almost wholly recrystallized. Plagioclases, both pheno- 
crystic and microlitic, are albitized or sericitized. Abundant clino- 
zoisite and epidote are present throughout the groundmass. Prehnite 
and chlorite are common canponents in the lower grade metamorphic zones.
Several of the dikes and small stocks have been important as host 
rocks for small gold-quartz-carbonate vein deposits. These particular 
bodies show a superimposed hydrothermal alteration suite consisting 
mainly of silica, carbonates, chlorite, and pyrite. The role of the 
intrusives was dominantly passive; they have apparently acted as perme-
able pipe-like avenues of entry for mineralizing solutions. This topic 
is discussed more fully under the section on economic geochemistry.
Petrochemistry--- The major oxide content of six stocks and three
dikes —  and norms computed therefrom —  are listed in tables 14 and 15. 
Alk-F-M ratios for these bodies are plotted in the variation diagram 
(fig. 79) along with those from the large granodiorite and quartz diorite 
bodies exposed in the northern part of the map area. It should be noted 
that most of the plots for stocks, dikes, and large bodies form a com-
paratively smooth trend, suggesting they may be related as a simple 
magmatic series. Slight departures toward the F-end miember of several 
samples could be explained by superimposed pyritization following an 
essentially isochemical metamorphism. Inspection of figure 79 shows 
that the pyroxene bearing dikes in the area represent the mafic end of 
the series, and are conpositionally similar to the quartz diorite of 
intrusive body II. The small stocks in the region occupy points along 
the entire range in the series, forming its most felsic extreme.
Table 14. Major oxide analyses of small stocks (TKi) and dikes in Clearwater Mountains, Alaska. All
values in %.
Sanple No. 6 7 8 9 10 11 12 13 14 15 16
Field No. 68- 68- 68- 68- 68- 68- 68- 68- 68- 68- 68-
Asb- Asb- Asb- Asb- Asb- Asb- Asb- Asb- Asb- Asb- Asb-
339 343a 386 414 592 593 483a 483 44 56a 126c
Igneous Body VII VIII IX TV V V III III XII X XI
Rock Type GD MZ GD GD MZT MZT G G GD MG MZ
Si°2 53.6 56.8 60.0 56.8 60.4 59.2 53.2 58.0 51.2 52.6 53.4
Al2°3 17.0 17.2 17.0 18.8 18.5 18.7 18.5 20.5 16.0 15.6 15.5
2.4 2.0 2.2 2.8 2.1 2.1 1.2 1.4 1.8 0.84 2.3
FeO 3 5.8 4.5 3.2 3.6 2.5 2.9 7.4 3.8 6.4 7.6 5.6
MgO 4.0 3.1 2.1 1.7 1.4 1.4 4.5 2.0 5.2 6.8 5.3
CaO 7.0 5.8 5.0 6.7 5.1 5.8 7.9 8.0 9.1 8.1 7.6
Na20 3.0 3.5 3.8 3.7 5.0 5.0 2.8 3.7 2.9 2.8 2.5
k 2o 3.1 4.3 3.1 2.4 2.8 2.6 0.86 0.81 3.1 0.44 3.5
h 2°: 0.14 0.15 0.06 0.14 0.07 0.03 0.13 0.03 0.11 0.14 0.32
h 2o+ 1.9 1.5 1.7 1.1 0.93 0.91 0.66 0.92 2.5 3.2 2.2
TiO~ 0.95 0.71 0.67 0.83 0.55 0.51 1.2 0.51 0.93 0.79 0.83
P2°5 0.44 0.36 0.32 0.30 0.23 0.24 0.32 0.19 0.56 0.44 0.42
MnO 0.18 0.14 0.14 0.16 0.15 0.14 0.15 0.13 0.15 0.16 0.13
co2 0.18 0.05 0.59 0.36 0.16 0.18 0.40 0.05 0.10 0.14 0.08
Sum 99.69 100.11 99.88 99.39 99.89 99.71 99.42 100.04 100.05 99.65 99.68
GD....granodiorite MG. MZT___ . monzotonali te
G ..... gabbro MZ....monzoni te
Analysis by rapid rock technique.
Analysts: P. Elmore, G. Chloe, L. Artis, S. Botts, H. Smith, J. Kelsey of U.S. Geological Survey. 
For location of samples, see Appendix V.
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Table 15. CIFW norms for small stocks (TKi) and dikes in Clearwater Mountains, Alaska.
Sample No. 6 7 8 9 10 11 12 13 14 15 16
Field No. 68- 68- 68- 68- 68- 68- 68- 68- 68- 68- 68-
Asb- Asb- Asb- Asb- Asb- Asb- Asb- Asb- Asb- Asb- Asb-
339 343a 386 414 592 593 483a 483 44 56a 126a
Igneous Body VII VIII IX IV V V III III III X XI
Rock. Type GD MZ GD GD MZT MZT G G GD MG MZ
q 3.02 2.94 12.50 9.35 7,72 6.11 6.64 11.05 — 4.66 2.24
or 18.83 25.76 18.68 14.51 16.59 15.43 5.19 4.83 18.78 2.70 21.34
ab 27.70 31.87 34.79 33.99 45.03 45.09 25.70 33.56 26.70 26.08 23.16
an 24.44 18.78 19.36 28.24 19.83 20.99 35.34 37.32 22.04 29.78 21.40
c — — 0.48 — — — 0.33 — — — —
ne — — — — — — — — — — ---- — ----
wo 2.86 3.08 — 0.27 1.21 2.08 — 0.48 7.95 3.21 5.66
en 11.36 8.68 5.91 4.80 3.88 3.88 12.70 5.58 7.65 19.48 15.10
fe 6.45 4.88 2.78 2.78 1.88 2.55 9.39 4.45 4.05 10.73 6.31
fo — — — — — — — — 5.31 — —
fa — — — — — — — — 2.81 — —
rnt 2.58 2.12 2.35 2.99 2.20 2.20 1.28 1.48 1.93 0.91 2.48
il 1.36 1.00 0.95 1.18 0.77 0.71 1.71 0.72 1.33 1.14 1.19
ap 0.95 0.76 0.68 0.64 0.48 0.50 0.68 0.40 1.20 0.95 0.91
cc 0.47 0.13 1.52 0.93 0.41 0.46 1.03 0.13 0.26 0.37 0.21
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Figure 79. ALK-F-M variation diagram for rocks of Cretaceous and Early 
Tertiary age. Note that trend allows small stocks and dikes 
to be derived from same magma series as large granodiorite body.
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If these small intrusives are related in a single series as figure 
79 would imply, a simple sequence of intrusive activity might be tenta-
tively inferred, with an early injection of dikes, followed by the larger 
bodies and felsic stocks. This simple sequence is partially inconsistent 
with field or textural relations and the age of intrusive body II (61-66 
MY). It is clear that all intrusive rocks except the large granodiorite 
pluton (Tgd) were affected by the latest episode of metamorphism. Dyna-
mic activity during the episode deformed all minor intrusives in the 
northern part of the area including the quartz diorite sill (Kqd) . If a 
simple fractionation series determined the intrusive sequence, igneous 
body II would also have undergone metamorphism in the latest event. Its 
field and textural relations, however, seem to preclude that interpretation. 
Rather it seems reasonable to conclude that most of the igneous bodies 
in the area of plate 1 are series related, but that their emplacement 
sequence is moderately complex, probably extending throughout the Late 
Cretaceous and earliest Tertiary. The polyphasal metamorphic event 
occurred during the same time interval, and was periodically punctuated 
by intrusions from the same series. Reconnaissance mapping reveals 
that much of the terrain north of the map area is underlain by intrusive 
rocks that are also unmetamorphosed and are similar megascopically to 
intrusive body II. It is likely that the intrusive rocks of the map area 
were derived by fractionation, emplaced and cooled during an interkine- 
matic phase, and were shortly thereafter sheared and recrystallized —  the 
degree varying with regional gradient. Intrusion of similar parent magma 
continued after the latest dynamic episode, and is represented in the map 
area by intrusive body II which discordantly intrudes the schists and 
gneisses. Freezing of this body occurred between 61 and 66 million years
132
ELDORADO CREEK PLUTON (Jag)
Intrusive Body XIII
Ihe oldest intrusive rock in the Clearwater Mountains underlies 
approximately two square miles in the upper drainage basin of Eldorado 
Creek (plate 1). Its radiometric age as established by K-A determination 
of hornblende is 143 t 4 million years (M. H. Lanphere, USGS., written 
ccmrnun., 1970), and hence it antedates the main regional metamorphic 
event by some 50-70 million years. Static thermal metamorphism of the 
stock in the pumpellyite-prehnite-quartz facies has partially obliter-
ated original plutonic textures, and has thoroughly redistributed its 
elemental components. This section of the report is concerned primarily 
with petrochemical aspects of the body and its genesis.
Rock types in the pluton comprise an extremely heterogeneous, sub- 
silicic series of alkali gabbros, ranging from mafititic theralites 
through essexites and monzogabbros into monzodiorites and monzonites. 
Because of the mineralogical reconstitution during metamorphism, parti-
cularly of leucocratic components, all classifications are based on 
normative mineralogy, shewn diagramnatically in figure 81.
Mafititic end members of the series consist dominantly of augitic 
Pyroxene (2V = 45-50°) with interstitial hornblende, biotite, and 
nepheline. Titanium-iron oxides vary in abundance to about 10%. Strongly 
biotitic variants of the theralite, e.g., sample 18 of figure 80, prob-
ity represent contaminated theralites coimpositionally similar to 
samples 17 and 30.
ago, recording the end of progressive nBtamorphic and intrusive activity
in the area.
Figure 80 QAPF classification diagram of rocks from Eldorado Creek pluton 
(Jag). Normative mineralogy used in diagram from Streckeisen, 
1967, p. 172. Sample numbers correspond to analyses in Table 16
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Hie vast bulk of the unit consists of homblendic monzogabbro (figs. 
81 and 82) as classified in figure 80; both these rocks and the basic 
forerunners of the series are strongly diked and veined by monzodiorite 
and monzonite (fig. 83), which on one exposed cliff face 1200 feet long 
makes up approximately 8% of the total volume. The nonsysteiratic 
fractures into which this late phase was intruded are interpreted as 
shrinkage voids produced during freezing of the gabbroic magma, perhaps 
in a hood zone.
Remnant igneous textures illustrate a classical reaction series 
from the mafititic end members to rocks composed mainly of orthoclase 
and altered plagioclase. Mantling of pyroxene-bearing host rocks by 
hornblende is common where it is intruded by monzonitic phases (fig. 83). 
Retrograde metamorphism of the original igneous assemblages has produced 
secondary minerals, more stable during the low grade metamorphism. 
Plagioclases are replaced by sericite, muscovite, epidote, clinozoisite, 
and quartz —  though some albite persists locally. Clinopyroxene and 
hornblende are partially converted to actinolite, sodic hornblende, or 
chlorite. Murky dense patches of inclusions are present in most 
primary orthoclases.
A classical scheme of magmatic evolution in the Eldorado Creek 
pluton is illustrated by chemical data as well as textural information. 
Tables 16 and 17 provide major oxide analyses and CIPW norms on which 
variation diagrams for the unit are based. The entire rock series plots 
as smooth curves on an alkali-lime vs silica variation diagram (fig. 84) 
and shows a Peacock index of 52.5, well within the alkali-calcic range 
of composition.
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Figure 81. Hornblende-rich monzogabbro frcm Eldorado Creek pluton (Jag). 
Ieucocratic phases are nepheline and K-feldspar. Greenish 
areas are altered plagioclase. This specimen and that shown 
in figure 82 are representative rock types of the pluton.
1-jT.r trm '2 3
Figure 82. Hornblende-rich monzogabbro (Jag), less felsic than specimen 
in figure 81. Greenish areas are fine-grained aggregates 
of altered plagioclase and pyroxene. Lighter phases are 
K-feldspar.
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Figure 83. Pyroxene-rich theralite (green) veined by light ironzonite 
in Eldorado Creek pluton (Jag). Note homblendic reaction 
rims (dark) cn theralite inclusion.
Table 16. Major oxide analyses for rocks from intrusive body XIII (Jag) in Clearwater Mountains, Alaska.
All values in %.
Sanple No. 17 18 19 20 21 22 23 24 25 26
Field No. 69- 69- 69- 69- 69- 69- 69- 69- 69- 69-
Ast- Ast- Ast- Ast- Ast- Ast- Ast- Ast- Ast- Ast-
231 232 233 234 235 236 237 238 239 240
Pock Type Th Th MZG Ex MZG MZG MZG MZ MZG MZD
Si02 40.1 46.6 42.1 47.1 46.4 48.0 47.9 53.0 51.0 56.2
Al2°3 7.8 9.9 12.3 13.7 14.8 16.5 17.0 18.4 17.4 18.7
Fe °3 9.2 1.5 10.5 4.7 4.6 4.0 5.5 4.4 3.9 4.0
FeO 8.4 5.7 3.6 8.9 6.8 6.1 4.5 2.8 4.9 1.5
MgO 10.5 14.6 7.7 7.6 5.8 4.6 4.3 2.7 3.5 2.0
CaO 17.5 13.8 16.6 9.3 12.8 11.1 11.2 7.8 8.9 6.0
Na20 0.64 0.41 1.3 2.2 2.2 2.9 3.0 3.6 3.5 4.1
k 26 1.3 3.7 1.3 3.0 2.6 2.6 2.4 4.7 3.3 5.0
h 2o+ 1.0 2.3 1.5 1.2 1.3 1.5 1.3 1.2 1.1 1.0
H O " 0.08 0.27 0.09 0.05 0.05 0.05 0.07 0.03 0.07 0.08
T!02 1.1 0.67 0.92 1.0 0.88 0.88 0.83 0.56 0.67 0.35
p 2o 5 1.5 0.14 1.2 0.33 0.93 0.79 0.79 0.51 0.57 0.30
MnO 0.25 0.02 0.26 0.19 0.23 0.22 0.21 0.20 0.21 0.21
co2 0.05 0.05 0.08 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Sum 99.42 99.66 99.45 99.32 99.04 99.29 99.05 99.95 99.07 99.49
Th....theralite MZG... . .monzogabbro MZ..
MZD.... monzodiorite Ex..... essexi te
Analysis by rapid rock technique.
Analysts: P. Elmore, G. Chloe, L. Artis, S.Botts, H.Smith, J. Kelsey of U. S. Geological Survey. 
For sample location, refer to Appendix V.
Table 16 cent. Major oxide analyses for rocks fron intrusive body XIII (Jag) in Clearwater Mountains
_________ ' __________________________ Alaska. All values in %.
Sample No. 27 28 29 30 31 32 33 34 35
Field No. 69- 69- 68- 68- 68- 68- 68- 68- 68-
Ast- Ast- Asb- Asb- Asb- Asb- Asb- Asb- Asb-
241 242 184 135b 136 153 243 389 160a
Rock Type MZG MZG MZD Th MZD MZG MZD MZG Ex
Si02 63.2 61.1 49.7 40.9 44.9 59.2 52.3 46.9 40.4
a i 263 19.3 20.5 17.9 7.7 17.9 19.1 17.0 14.1 14.6
Fe203 1.0 1.2 4.8 10.2 6.1 2.1 3.5 5.9 7.2
FeO 1.2 1.5 4.6 8.4 5.0 1.7 5.3 5.7 8.4
MgO 0.80 0.95 3.9 12.2 4.8 1.5 3.8 5.8 7.8
CaO 3.1 4.1 9.9 15.6 13.0 5.1 7.2 13.4 13.9
Na20 5.4 5.0 2.9 0.36 2.0 4.8 3.5 2.1 1.4
*2°. 4.4 4.4 2.5 1.6 1.5 4.7 2.6 2.1 1.5
h 20+ 0.84 0.92 1.3 1.5 1.9 1.0 2.4 1.1 1.4
h ?o- 0.14 0.08 0,11 0.12 0.13 0.07 0.18 0.07 0.07
Ti02 0.18 0.20 0.71 1.1 0.83 0.29 1.0 0.81 1.1
P2°5 0.11 0.13 0.76 0.09 0.88 0.19 0.65 0.99 1.2
MnO 0.14 0.08 0.25 0.17 0.24 0.09 0.18 0.26 0.25
co2 0.05 0.05 0.05 0.05 0.05 0.05 0.34 0.05 0.11
Sum 99.86 100.21 99.38 99.99 99.23 99.89 99.95 99.28 99.33
Th.... theralite MZG. MZ.....monzonite
MZD.... monzodiorite Ex..... essexite
Analysis by rapid rock technique.
Analysts: P. Elmore, G. Chloe, L. Artis, S.Botts, H. Smith, J. Kelsey of U.S. Geological Survey. 






.7  CZFW norms for rocks frcm intrusive body XIII (Jag) in Clearwater Mountains, Alaska
17 18 19 20 21 22 23 24 25 26
69- 69- 69- 69- 69- 69- 69- 69- 69- 69-
Ast- Ast- Ast- Ast- Ast- Ast- Ast- Ast- Ast- Ast-
231 232 233 234 235 236 237 238 239 240
Th lh MZG Ex MZG MZG MZG MZ MZG MZD
— — — — — ---- — — — --- ___ 0.35
- - 1.44 8.05 18.26 15.86 15.83 14.64 28.09 19.96 29.82
——— 5.61 16.43 12.07 20.63 23.79 28.51 29.28 17.17
15.30 14.38 25.05 19.21 23.57 25.07 26.67 20.40 22.55 18.03
— — — ------ — ---- — — ___ ___ ___












































Table 17 cent. CTPW norms for rocks from intrusive body XIII (Jag) in Clearwater Mountains , Alaska
27 28 29 30 31 32 33 34 35
69- 69- 68- 68- 68- 68- 68- 68- 68-
Ast- Ast- Asb- Asb- Asb- Asb- Asb- Asb- Asb-
241 242 134 135b 136 153 243 389 160a
MZG MZG MZD Th MZD MZG MZD MZG Ex
6.39 4.25 0.12 ------ ,----— 1.70 2.40 — —
25.82 25.78 15.19 — 9.26 27.70 15.82 12.85 9.25
48.15 44.53 26.79 — 18.77 42.99 32.38 18.20 3.78
14.25 19.33 29.26 15.31 37.05 16.65 23.69 23.67 30.41
— — •--- 7.89
0.43 0.40 —
— — — 2.02 — — — 0.80 5.61
— — 6.34 24.68 9.62 2.82 2.61 15.27 13.08
2.19 2.60 11.08 21.70 9.37 4.13 10.81 12.22 9.92
1.12 1.23 3.28 2.99 1.94 0.90 4.80 3.05 3.16
— — — 10.10 3.29 — — 3.28 9.43
— — ■------ 1.39 0.67 — — 0.82 3.00
1.04 1.24 5.16 11.13 6.67 2.19 3.77 6.39 7.86
0.25 0.28 1.02 1.60 1.21 0.40 1.44 1.17 1.60
0.23 0.27 1.63 0.20 1.92 0.40 1.40 2.14 2.62








figure 84. Alkali-lime vs silica variation diagram of rocks from Eldorado 
Creek pluton (Jag). Peacock index for this body is within 
alkali-calcic range.
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Figure 85 is an Alk-F-M variation diagram of analyses from the plu- 
tcm, shewing a continuous fractionation frem theralitic parent magma to 
the monzonitic end meirbers. In spite of the altered appearances of 
these rocks, the consistency and continuity of their variation diagrams 
suggests that metamorphic reconstitution of the stock was essentially 
isochemical.
Sample 18 is a mafititic variant extraordinarily rich in biotite; 
its origin nay be ascribed to assimilation of pelitic country rock by 
theralitic magma. This concept of origin is supported by figure 86 
which indicates that a linear mixing of theralite with argillite could 
produce the bulk chemistry of the biotitic variants.
SUMMARY OF IQSEOUS ROCKS
The various igneous rocks exposed in the Clearwater Mountains may 
be conveniently divided by chronology and chemistry into three main 
groups. The first and oldest consists of tholeiitic lavas, now meta-
morphosed, which form the long E-W trending volcanic belt through this 
part of Alaska. A second group is represented by the alkalic gabbros 
of Eldorado Creek, Upper Jurassic in age, and exhibiting a wide frac-
tionation range. The large granodiorite or quartz diorite bodies in the 
northern map area and satellitic offshoots of the sane magmatic series 
comprise the third and youngest group of Cretaceous and earliest 
Tertiary age. A diagrammatic representation of the three groups is 
provided by smoothed Alk-F-M trends in figure 87.
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Flgure 85. Alk-F-M diagram of rocks from Eldorado Creek pluton (Jag). Points 
correspond to analyses in Table 16. Curve shows smooth differ-
entiation from theralite to monzonite veins and dikelets.
144
figure 86. Linear mixing diagram showing possible 
content in theralite by assimilation of




Figure 87. ALK-F-M trend diagram for three main groups of igneous rocks 




The systematic, descriptive sections of this report have implicitly 
considered the various stratigraphic units in a progressive order of 
deposition and also as products of systematically progressive metamorphism. 
Ihe oldest and least metamorphosed rocks occupy the southern portions of 
the map area, whereas younger, more highly metamorphosed rocks constitute 
most of the bedrock in the northern part of the area. A discussion of 
the inferred genesis for this inverted metamorphic succession, in terms 
of mineral zonaticn and textural evolution, is the central topic of this 
section. The various charts and diagrams presented in this section 
serve also to amplify and synthesize descriptive and chemical aspects 
of the rocks, presented in earlier parts of the report.
Zonation of Index Minerals
Gradational aspects of the metamorphic event, increasing in inten-
sity northward, have been mentioned repeatedly in preceding descriptive 
sections. Each rock unit, within the napped contacts, shows the grada-
tion, and succeeding units to the north are, in general, metamorphosed 
to higher grades, culminating finally in the near-anatectic gneisses 
and sillinanite-bearing schists south of Boulder Creek and the Susitna 
River (plate 1).
Evidence of the steep metamorphic gradient, both mineralogical and 
textural, records a gradation of dynamic as well as thermal components 
°f metamorphism. Hie metavolcanic unit and southernmost part of the 
argillite unit contain abundant prehnite and/or pumpellyite and are thus
assigned to alteration in the pumpellyite-prehnite-quartz facies. With 
the disappearance of prehnite, the chlorite zone or chlorite-muscovite 
subfacies of the greenschist facies is attained; this particular sub-
facies in the nap area is confined to the central part of the argillite 
unit. Occurrence of biotite porphyroblasts along the northern side of 
the chlorite zone, and of almandine north of the biotite zone completes 
the transitional picture through the three zones of the greenschist facies. 
The relationship of index isograds to the various nap units is plotted 
an figure 88. Similarly, the distribution of pres sure-temperature facies 
inferred from observed mineral assemblages or paragenesis are summarized 
in figure 89; each zone is mapped on the basis of the highest grade 
assemblage preserved in the rocks, neglecting lower grade minerals formed 
by retrogression of the primary parageneses.
Through the almandine zone of the greenschist facies, the grada-
tional scheme is one of smooth progression. Rocks recording a transition 
into the amphibolite facies, however, do not preserve a continuous pro-
gression, but rather shew an abrupt discontinuity into assemblages 
characteristic of higher zones in the amphibolite facies —  namely a 
sillimanite-rnuscovite zone similar to that described by Lyons (1955) 
in New Hampshire. Distinguishable almandine-plagioclase or staurolite- 
kyanite zones are missing in the otherwise continuous Barrovian series. 
Along the upper part of the greenschist almandine zone, sillimanite, 
kyanite, and staurolite appear simultaneously, often in coexistence —  
represented on figures 88 and 89 as a superimposed or poly isograd.
Figure 90 summarizes major oxide data given previously for rocks of 
the various map units, presented in terms of ACF and AKF ternary ratios. 
Compositions of pelitic rocks (I) from the Clearwater Mountains are
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igure 88. Map showing isograds of index minerals in western Clearwater 
Mountains, Alaska. See figure 3 for geologic legend.
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• Metabasalt (TRb) < |\ Field of pelitic rocks
. Tuff (TRt)
, (TN Field of basalts and tuffs
« Argillite-graywacke (.Ja; \
a Schist (Tks)
Figure 90. ACF and AKF ratios of lavas, tuffs, and pelitic rocks from 
Clearwater Mountains.
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bounded by dashed lines, whereas tuffaceous and volcanic rocks (II) are 
enclosed by a solid boundary. The respective compos it ional areas are 
shewn also in figures 91 through 95 which illustrate mineralogical 
parageneses for all facies and subfacies in conventional ACF, AKF, 
and AFM formats.
Textural Zonaticn and Evolution
Metamorphic bedrock underlying the Clearwater Mountains, particularly 
the Valdez Creek drainage area, nay be subdivided on the basis of its 
textural development as well as on the basis of diagnostic mineral 
assemblages. Textural advancement, a result of progressive dynamo thermal 
metamorphism, is an attribute readily apparent in hand specimen and out-
crop, and for this reason was used as the dominant criterion in selecting 
nap units within the metamorphites. The metavolcanic and argillite units 
in the southern part of the area preserve primary depositianal structures 
as outlined in previous sections, with little evidence of penetrative 
deformation except in the immediate vicinity of faults and dislocative 
zones.
More intense recrystallization of the pelites, with attendant growth 
of biotite poikilcblasts and simultaneous penetrative shear produced 
the spotted phyHites. Primary sedimentary textures in the phyllites 
are blurred or streaked out into smooth laminations by pervasive 
deformation. Spiral inclusions of graphite in the biotites indicate a 
growth rotation of 70° to 90° (figure 96), suggesting a shear strain of 
about 3:4 or 1:2 across the surface intercepted by the porphyrcblast.
North of the phyllite unit, a record of increasing shear, parallel 
to original bedding, is shown by spiral inclusions in almandine, quartz
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Figure 91. Parageneses in Purapellyite-Prehnite-Quartz facies, including 
both volcanic and pelitic units. Compositional ranges of 
minerals after Turner (1968).
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Figure 92. Parageneses in chlorite zone, greenschist facies in Clearwater 
Mountains. Compositional ranges of minerals from Turner (1968)
154
Figure 93. Parageneses in biotite zone, greenschist facies. Dashed tie 
lines are calc-magnesian assemblages or former tuffaceous 
horizons. Compositional ranges of minerals from Turner (1968).

Figure 95. Parageneses in sillimanite zone, amphibolite facies. Dashed 
tie lines are calc-magnesian assemblages. Compositions of 
minerals after Turner (1968). AFM diagram after J.B. 
Thompson (1957).
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and biotite in ribbon or "sliced" structure (Spry, 1969, p. 294), 
rotated hornblendes with foliar helicitic inclusions, and by essentially 
continuous micaceous surfaces passing around resistant, lenticular fabric 
elements (see figs. 96 through 99) .
At the northern margin of the schist unit, corresponding to the 
upper limit of the greenschist facies, the rocks display a distinct 
textural discontinuity as they pass into the gneiss unit; the transition 
occurring over about 300 feet and paralleling the schistosity. This 
textural break coincides with the transition into sillimanite-bearing 
assemblages. Smoothly-weathering, homogeneous schists below and south 
of the transitional zone give way to craggy-weathering layered and mig- 
mtitle gneisses above and north of the polyisograd. The differing 
physical character of the rocks across the zone is well shewn on the 
ridge north of Grogg Creek (fig. 55). This contact is interpreted as a 
ductile thrust zone developed during metamorphism along which the 
northern rocks have been uplifted, thus placing upper amphibolite facies 
assemblages against greenschist facies rocks.
Textures in the gneisses are indicative of extensive dynamothermal 
crystallization, as veil as mechanical and chemical (?) segregation into 
quartzo-feldspathic and micaceous layers, lending a maculose appearance 
to foliation surfaces. The gneiss unit was apparently an elongate zone 
of high shear mobility during an early kinematic episode of the poly- 
roatamorphic event, and preserves numerous intrafolial "drag" folds 
documenting a reverse movement in the rocks (fig. 100). The large 
foliated sill (Kgd, igneous body I) is interpreted to have been intruded 
into this mobile zone toward the end of early shearing or perhaps inter- 
kineiratically before a final episode of shearing, now decipherable in
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Figure 96. Spiral inclusions of graphite in biotite from phyllite unit 
(TKp). Photomicrograph in plane polarized light.
Figure 97. Spiral inclusions of quartz in alunandine garnet from schist 




Figure 98. Ribbon structured quartz in schist (TKs) . Photomicrograph. 
Crossed nic^ols.
1 mm
Figure 99. Helicitic textures in hornblende showing post-growth
rotation. Photomicrograph. Crossed nic^ols. Hornblende 
in extinction and in yellow and green interference colors.
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the distorted igneous textures of the sill and other closely synchronous 
intrusive bodies across the area. Had the period of shearing been simply 
one extended episode, with synkinematic intrusion of molten material into 
the sill zone, subsequent shear dislocation should have been confined to 
the fluid magma. In such a situation, appreciable shear stresses could 
not have been transmitted to the adjoining metamorphites.
The numerous disoriented hornblendes and garnets which preserve 
helicitic remnants of older foliation are interpreted to have grown dur-
ing a dynamically quiescent period, being rotated by later shearing. For 
these reasons, the metamorphic event is assumed to include at least two 
dynamic episodes as summarized schematically in figure 101.
With the cessation of dynamic components, the metamorphism was trans-
formed into an extended thermal event during which micas were polygonized, 
dynamothermal garnets were mantled with idioblastic rims and to seme 
degree were homogenized internally (fig. 52). Static thermal crystalli-
zation during this period gave rise to the post-kinematic staurolites 
and kyanites, now observable as idioblastic forms in the rocks. Many of 
these, like the garnets, nay have nucleated dynamothemally and developed 
their final outlines in the thermal phase.
Most of the rocks show an incipient overprint of retrogressive 
thermal matairorphism. Almandine locally exhibits well developed atoll 
structures (figs. 102 and 103) interpreted as selective replacement of 
internal zones by biotite, quartz, and chlorite (Rast, 1965). Porphyro- 
blasts of chlorite, crosscutting primary metamorphic fabrics, further 
attest to mild retrograding, probably during the waning stages of the 
Nain event. A potassium-argon age determination on fine-grained biotite 
separated from the almandine zone of the schists suggests that metamorphism
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igure 101. Inferred time relationships of metamorphism, intrusive activity, 
and ductile faulting. Calibration of diagram by K-A radiometric 
dates. Magnitudes qualitative. Time scale is diagrammatic and 
nonlinear. Very.low grade burial metamorphism, preceding main 
dynamothermal event, may be as old as Upper Jurassic.
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Figure 102. Retrograde atoll structures in garnet from schist (TKs) . 
Photomicrograph in plane polarized light.
/
.5 ram
Figure 103. Retrograde atoll structures in garnet from schist (TKs). 
Photomicrograph in plane polarized light.
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concluded during the Eocene epoch, about 57 + 2 million years ago ( M. A. 
Lanphere, written conmun., 1970), at which time the biotites became a 
closed chemical system to radiogenic argon.
A suimiary of microtextures illustrating the progressive textural 
evolution of the pelites from undeformed argillite to sillimanite-learing 
paragneisses is provided in figures 104 through 109. Microtextures inter-
preted as indicative of extensive shear in the rocks are shown in figures 
96 through 99. Intrafolial folds documenting uplift on the north are 
shown in figure 100. A measurement of shear dislocation utilizing dis-
placements of folded layers alone suggests a minimum shear strain of 1:1 
in the area of figure 100. In a very general way, the sequence of tex-
tures across the region, shown by photomicrographs, may be envisioned 
also as the time sequence of textures and minerals appearing during 
development of the higher grade rocks; it seems likely that the highest 
grade gneisses closely resembled the argillites and intermediate meta- 
morphites at various stages of their evolution.
Origin of the Metamorphic Belt
A discussion of a regional metamorphic succession such as that 
exposed in the Clearwater Mountains is incomplete without a statement of 
inferred genesis, and especially when the metamorphism is seemingly 
inverted. There is little question that schistosity in these rocks 
Parallels former bedding planes throughout the sequence; calc-magnesian 
and basic strata with appreciable lateral continuity are interlaminated 
with all pelitic units. In lower grade rocks where sedimentary structures 
ate preserved, the section is clearly upright. And, to the north, as the 





ironoclinal structure to suggest a nappe-like overturn, such as those 
described by Thompson et al (1968) in western New England, may explain 
the northward increasing grade of metamorphism. As a plausible alterna-
tive, in view of the abundant evidence for extensive shearing, the writer 
favors a mechanism more nearly like that described by Blake et al (1967), 
whereby the northern rocks were thrust out and over the southern equi-
valents —  displacement occurring differentially and penetratively 
across the belt of phyllites, schists, and gneisses.
By this mode of genesis, summarized by figure 110, the matamorphic 
belt may be visualized as a N.80°E. trending zone of dislocative thrusting. 
The textural and mineralogical break at the sillimanite isograd possibly 
represents a surface of greater dislocation, and thus should be considered 
a ductile thrust surface, along which higher grade metamorphites were 
uplifted into juxtaposition with greenschist facies rocks in the south. 
Dislocation on this local structure was probably minor in caiparison to 
the total displacement across the metamorphic belt.
A less plausible alternative has been considered by the writer in 
which intrusion of the foliated sill, with accompanying increase of heat 
flow, may have steepened the thermal gradient, resulting in the develop-
ment of sillimanite near rocks of the upper greenschist facies, shown on 
figure 89 as an area in the upper amphibolite facies. This may provide 
sn alternative explanation for the mineralogical discontinuity, but does 
not effectively account for the pronounced textural break between the 
schists and gneisses, nor does it explain the presence of sillimanite 
everywhere in the gneisses, even at scare distance from the igneous body.
Rotational microtextures and displacements measured on intrafolial 
folds indicate that local shear components varied from about 1:2 in
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Figure 110. Generalized section AA' (fig. 89) and schematic diagram showing 
inferred shear displacement responsible for gradational 
metamorphism. Zone of differential uplift about 6 miles wide. 
Textural elements illustrating deformational gradient shown 
with displacement diagram.
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the phyllites to 1;1 or more in the gneisses. If this range may be 
extrapolated to entire succession, a differential uplift of 5-10 kilo-
meters is implied across the belt, neglecting offsets on the ductile 
thrust or other discrete surfaces. A reverse displacement of this order 
of magnitude is supported additionally by the P-T gradient inferred from 
assemblages of index minerals (fig. Ill). Only a slight latitude is 
allowable in the gradient for the Clearwater Mountains rocks without 
entering the stability fields of andalusite or glaucophane-lawsonite. It 
appears necessary, therefore, to infer a pressure differential of at least 
2 kilobars in the progression of assemblages, and this may be tenta-
tively translated as a differential uplift of 5-7 kilometers.
Regional Significance
The proposed mechanism of origin outlined in previous paragraphs of 
this section is consistent with data collected by the writer in the Clear-
water Mountains, and may also be applicable to an extensive belt along 
the south front of the Alaska Range. Integration of the present work with 
mapping by other workers suggests that these rocks are correlative with 
metamorphites exposed near the Richardson Highway, 40 miles to the east, 
and extending westward toward the map area (Bond, 1965; Hanson, 1965; 
Moffit, 1912; Stout, 1965; and Rose, 1966; see fig. 2). These authors too 
have recognized an increasing grade of metamorphism northward, and locally 
have mapped north-dipping thrust faults, which separate high grade meta- 
roorphites from less foliated rocks on the south. Most previous work has 
assigned the schists and gneisses to the pre-Mississippian, or possible 
PreCambrian —  largely on the basis of their advanced crystallinity and 
similarity to the Birch Creek Schist (Moffit, 1912; Ragan and Hawkins,
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Indicated P-T gradient involved in development of Clearwater 
Mountains metamorphites (heavy line). Facies fields after 
Turner (1968). Stippled area shows A^SiO^ triple point data 
from Richardson et. al. (1969). Anatectic region from 
Winkler (1967).
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represent metamorphosed equivalents of Mesozoic sediments in the Clear-
water Mountains and tentatively suggested that metamorphism occurred in 
the late Mesozoic or early Tertiary. Evidence from the Clearwater 
Mountains, discussed in this report, conclusively validates this inter-
pretation and brackets the age of intense metamorphism between Late 
Jurassic (143 MY) and early Eocene (57 MY). The onset of regional dynamo- 
thermal metamorphism is not precisely determinable, but probably began 
during the Cretaceous Period, after the emplacement of the Eldorado Creek 
pluton into pelitic sediments at 143 million years. The pluton itself 
was metamorphosed thereafter. It is possible that the pelitic sediments 
were altered by very lew grade thermal metamorphism during the Upper 
Jurassic, before the onset of dynamothermal activity.
A helicopter reconnaissance by the writer in the area of Butte Lake 
verifies that the belt of gneisses extends at least 15 miles to the west 
of the study area (fig. 2) as does also the reconnaissance work of Moffit 
and Pogue (1915) . Correlation of all napping efforts in this part of 
Alaska indicates the metamorphic belt is over 70 miles in length, extend-
ing westward from the Richardson Highway along the south flank of the 
Alaska Range, through the Clearwater Mountains, and into the northern 
Talkeetna Mountains. This linear zone might well mark a zone of thrust 
dislocation along which the ancestral Alaska Range was uplifted, but 
viiich is new partially obscured by never tectonic elements, particularly 
structures subparallel to the Denali Fault which strikes E-W about 15 
Niles north of the map area (fig. 2). Corroboration of this hypothesis 
Nust await further detailed mapping efforts along the belt. The concept 
ls for the most part consistent with data now available, and the general 
a9e of uplift, inferred from independent evidence, similarly accords with
the proposed mechanism (Gates and Gryc, 1963), Pending further delinea-
tion of the belt, the writer proposes herein to informally name this 





Structural elements in the western Clearwater Mountains may be 
conveniently described as the sequential products of unicyclic tectonism. 
The rocks record a varying mode of deformation, corresponding approxi-
mately to their position in the cycle of dcwnwarp and uplift, and hence 
structures nay be classified in terms of simple chronology, progressing 
from folding through ductile, distributive thrusting to ductile strike- 
slip dislocation, and finally to high angle, brittle-fracture style 
faulting which new dominates the structural framework in this part of 
Alaska.
Folding
Mappable folds are, for the most part, restricted to the southern 
part of the pelitic sequence, where undistorted sedimentary textures allow 
resolution of the fold pattern. Axes of major folds mapped in the present 
study are shewn on figure 112. The structures indicated on these illus-
trations represent a divergence of opinion from those presented by earl-
ier workers in the area. Previous investigators have, on the basis of 
reconnaissance studies, variously concluded that "the Valdez Creek dist-
rict is underlain by the north flank of a large fold...." (Ross, 1933, 
p. 442), or that "the belt of rocks included between Valdez and Windy 
Creeks.... includes an assortment of rock types that confuses and hides 
the main geologic facts," (Moffit, 1912, p. 32). These views reflect the 
basic inadequacy of reconnaissance methods for deciphering structure in 
massive units such as the argillites, and are clearly understandable in 
view of the very limited period spent in the area by the previous workers.
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Detailed and closely spaced traverses made during the present study 
allowed delineation of the fold pattern shown as in figure 112. Indi-
vidual structures are mainly open, upright, and only locally tighten into 
steeply dipping isoclinal folds, (for example near the mouth of Windy 
Creek), or into mildly overturned isoclinal folds such as those along 
the ridge south of Black Creek.
Ihe dominant trend of most axes is about N.70°-80°E., essentially 
the same as prevailing strike in the volcanic and schist belts. This 
parallelism suggests that the same compressive forces which induced dis-
tributive overthrusting in the metamorphites, oriented about N. 20°-30°W., 
have been responsible for development of folds in the lower grade rocks, 
possibly during the earliest phases of differential uplift. The meta- 
morphites on the north, in an area of higher heat flow, have reacted to 
regional stress by recrystallizaticn and consequent rheid behavior, 
whereas the marginal parts of the mobile zone, represented by the argil-
lite belt, have responded mainly by folding. Interbed slippage during 
folding, accompanied by minor recrystallization, has produced sporadic 
slaty horizons throughout the argillite unit. The mechanically competent 
lavas south of the argillite were essentially undisturbed by the deformation. 
Ihe earliest stages of folding, antedating the metamorphism, are tenta-
tively considered to be within the Upper Jurassic, closely coincident 
with the intrusion of the Eldorado Creek pluton at 143 million years.
Neglecting couplications in the marginal sedimentary belt, Ross'
(1933) interpretation of the overall structure as a north-dipping entity 
is favored by the writer. The presence of many calc-magnesian and basic 
horizons inter laminated with the metamorphites, as discussed earlier, is 
consistent with such a structural interpretation. An alternative idea
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has been considered by the writer Whereby folds increasingly tighten to 
the north, becoming isoclinally overturned in the areas of schist and 
gneiss. Although the concept would allcw the inter laminations of 
differing composition, some evidence of transition into the strongly 
deformed zone, or of isoclinal folds within the schists and gneisses 
should be present. The fact that such evidence was not observed in the 
present study and because readily recognizable shallow folds still exist 
in the northernmost exposures of gneisses (fig. 112), the interpretation 
of a structural monocline, complicated only in the argillite belt is 
preferred by the writer.
Faulting
In addition to the synkinerratic overthrusting discussed earlier, 
numerous high angle faults, of two distinct sets trending N.70°-80°E. 
and N.70°-80°W. (fig. 113), cut older structural elements in the Clearwater 
Mountains. Movement along these features, of varying sense, has been re-
current since the waning stages of metamorphism in early Eocene time, 
proceeding from early deep-seated, ductile dislocation to later shallow, 
brittle fracturing.
The concept of ductile overthrusting, induced by N.20°W. trending 
compression and accompanying dynamothermal activity has been covered at 
length in the section on metamorphism. These effects and the folding, 
probably confined to the Upper Jurassic and Cretaceous, record the earli- 
recognizable stresses affecting these rocks. High angle dislocations 
are present, however, of both major sets, which too shew evidence of ex-
tensive recrystallization, but confined to the rocks bordering the fault 
zone (fig. 113). Dislocation mylonites, slates, and schists commonly
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Ductile faults with nyIonite or dislocation schist, phyllite, 
and slate. Lineations in faults mostly subhorizontal.
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parallel these features, and most show a strong subhorizontal lineaticn, 
implying that early movements were mainly strike-slip in nature. The 
development of these incipient structures prcbably reflects a shift in 
compressive stress to a generally E-W direction.
Well developed slates and phyllites border the shear zone trending 
up Windy Creek near its mouth. Where it leaves the creek near the Denali 
copper prospect, the same fault is narked by a zone of calc-phyHites 
with local, vertically plunging drag folds, indicating right-lateral 
displacement. A number of high angle faults similarly cut the small 
intrusive at Timber line Creek. Weathered traces of these faults show 
fault zone rock with horizontal lineations, preserved as well-recrystal-
lized dislocation schists. Underground, in the Timberline adit however, 
these faults include much clayey gouge with vertical slickensides, prob-
ably developed by normal movement in a shallow environment/ less conducive 
to recrystallization. Offsets in the contact of the plutcn north of 
Timberline Creek (see fig. 122) suggest a left-lateral displacement.
This apparent effect may however be due, in part, to vertical offsets 
in a northwest plunging igneous body.
Recurrent movement has persisted throughout the Tertiary on many of 
the major faults, and with continued uplift and erosion has given way to 
a less systematic, brittle fracture style of deformation, characteristic 
of shallow environments. Cumulative displacements on most of the faults 
is probably measureable in tens or hundreds of feet, although the faults 
of greatest continuity juxtapose similar lithologies or parallel regional 
contacts and this nay well disguise greater displacements.
Mid- and/or Late Tertiary movement on the major high angle faults 
has been important in controlling the emplacement of ore deposits in the
Clear'/ater Mountains. Dilatant sites at structural intersections along 
the faults have guided the ascent of mineralizing solutions, resulting 
in the development of gold-quartz-carbonate and copper lode deposits 




Mining and exploration has proceeded intermittently in the western 
Clearwater Mountains since 1903 when gold placers were discovered along 
the lower roaches of Valdez Creek. More recently, interest has been re-
newed with the discovery of the Denali copper prospect near the headwaters 
of Windy Creek (Kaufman, 1963, p. 6 and Glavinovich, 1967, p. 44) . In 
conjunction with the present geologic study during 1968-69, the area was 
reexamined as part of the U.S. Geological Survey's Heavy Metals Program.
Previous geologic and economic appraisals of the area have been made 
by Moffit (1912), Ross (1933), Tuck (1938), Kaufman (1963), and Glavinovich 
(1967). This section of the report presents analyses of stream-sediment 
and bedrock geochemical samples within the framework of new semi-regional 
geologic mapping in the Clearwater Mountains. In addition to the regional 
study, more detailed sample data and geologic maps of lode gold prospects 
at Tiiriberline Creek and Black Creek are included. Several geochemical 
anomaly naps of selected elements, on both regional and prospect scales, 
are provided as a partial interpretation of the analytical data appended 
to this report.
GEOCHEMICAL PROGRAM
Sample Media and Analytical Techniques
During the course of semi-regional mapping at a scale of 1;31,680, 
a comprehensive program of stream-sediment and bedrock geochemical sampling 
was carried out in order to delineate areas of lode mineralization and to
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examine whether metallic element concentrations in stream-sediments would 
show spatial correlation to bedrock anomalies in this geologic province.
Stream-sediment samples were usually taken frcm active stream 
channels. In smaller, steeper drainages it was occasionally necessary to 
remove sand and silt from mosses projecting into the active channel, and 
locally it was necessary to collect from higher level stream deposits 
adjacent to the active channel. Locations of all stream-sediment samples 
collected are shewn on figure 115.
Ihe sediment samples were sieved and the minus-80 mesh fraction was 
analyzed for thirty elements by the six-step semiguantitative spectro- 
graphic method (data shown in Appendix I). Additionally, more accurate 
analyses for gold, silver, copper, and tellurium were made by atomic 
absorption spectroscopy. Tungsten and arsenic were determined by colori-
metric techniques and mercury by an instrumental method. All stream- 
sediment analyses made by methods other than spectrographic are shewn in 
Appendix II.
Bedrock samples collected during the mapping program (see fig. 117 
for location) consisted predominantly of limonitic fracture fillings, 
quartz and quartz-carbonate veinlets, and altered limonitic shear zone 
rock. Most of the samples were taken frcm fracture zones or near dikes 
and other locations which might connect with hydrothermal "plumbing" 
systems. The majority of samples shewn on figure 117 were selected grab 
samples or composite chip samples taken over a distance of 20 feet, and 
weighed 1/2 to 1 pound. Samples taken during follow-up procedures at 
Tiirberline Creek and Black Creek are of similar media but averaged about 
5 pounds in weight. These also were composite chip samples except where 
otherwise noted on the figures or in the appendices.
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All bedrock samples were crushed and homogenized, and splits were 
analyzed in the same manner as for stream sediments, except that for a 
nunber of bedrock samples, lead and zinc were also determined by atomic 
absorption (Appendix IV) .
U. S. Geological Survey personnel who have provided the analytical 
data applicable to this section of the report are J. Motocka, R. Miller, 
D. P. Ritz, J. G. Frisken, H. King, R. J. Smith, J. G. Viets, L. W. 
Bailey, R. Leinz, R. B. Tripp, R. N. Babcock, W. Vaugn, D. G. Murrey, 
and K. J. Curry.
Limits of detection and other parameters related to the analytical 
and processing procedures are included in the appendices at the end of 
the report.
Selection of Background and Threshold Values
Several monoelemental or bielemental geochemical maps are presented 
within the body of this report. The data appearing on these maps can be 
found in Appendices II and TV, i.e., they are compiled from analyses done 
by methods other than spectrographic. The copper values shown on figure 
119 are an exception; they are taken from the semiquantitative spectro-
graphic data in Appendix III.
All selections of background, threshold, and anomalous values were 
Rfcde using the graphical method discussed by Lepeltier (1969). In this 
method, cumulative frequencies are plotted versus concentration on log- 
prchability paper as shewn on figure 114. Frequencies are cumulated from 
highest to lowest values, and frequency points are plotted against lower 
class intervals, which in this study are the class intervals normally 
used in reporting spectrographic results. Class limits are 1/6th order
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or about 0.166 log interval and have values in the series ....... 1.2,
1.8, 2.6, 3.8, 5.6, 8.3, .......  The series nay be extended in either
direction to include the desired concentration range.
On cumulative frequency diagrams, a population that would form a 
bell-shaped or lognormal distribution on log-percent plots takes the 
form of a straight line (see for example the lognormal part of figure 
114). Background values for this population and sample medium are taken 
at a cumulative frequency of 50%, corresponding to the geometric mean of 
the population. If all the population plots on a single line, a threshold 
value is usually selected at two standard deviations from the geometric 
mean, i.e., at a cumulative frequency of 2.5%. Where a complex popula-
tion is sampled, as for example when the analyses contain values related 
to superimposed mineralization effects, a departure from a line of single 
slope is observed. This is shown on figure 114, where the bedrock sam-
ples containing high copper values lie along another lognormal line, but 
of a different slope. The threshold to anomalous values in this case is 
taken at the break in slope.
Application of this method reveals that the stream-sediment elements 
mercury, gold, and copper form complex populations, whereas silver and 
arsenic are simply lognormal. The elements gold, copper, arsenic, and 
mercury from bedrock samples all plot as complex populations. A summary 
of background (geometric mean) values, thresholds, and enrichment of 
background over crustal averages is shewn in table 18. In interpreting 
the values shown, it must be emphasized that they are unique to the 
sample media chosen for this study; a population utilizing a different 
tedium might be characterized by different
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Cumulative frequency plot for copper values in bedrock 
geochemical samples, western Clearwater Mountains, Alaska.
Table 18. Background, threshold, and enrichment values for geochemical samples
Stream Sediment Samples Bedrock Geochemical Samples
Element Au Ag As Cu Hg Au As Cu Hg




I X 13 X 5 X 1.6 X 2 X 1 X 5.5 X 0.7 X 2.5 X
Threshold
(ppm)
0.09 1.5 120 250 0.9 0.18 90 300 0.6
*Crustal averages taken from Taylor (1964) and Jones (1968)
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Despite these limitations, an inspection of table 18 suggests several 
tentative conclusions. In both stream-sediment and bedrock samples, the 
background gold content is not enriched over crustal averages. Mercury 
and arsenic show a consistent enrichment of about 2 and 5 respectively in 
both media. Copper is present in near-crustal average abundance.
These observations suggest that, even though the region has a history 
of gold mining activity and, more recently, copper exploration, the vol-
canic and pelitic rocks comprising the main bedrock units are not unusual 
in their metallic content. This implication from the present study is in 
disagreement with the conclusions reached by Glavinovich (1967, p. 35), 
that the copper content of all metavolcanic rocks in the Clearwater Moun-
tains is abnormally high and averages near 1000 ppm. In contrast with the 
previous work also is the fact that several unmineralized bulk samples of 
the metavolcanic rocks collected by the writer and analyzed for copper 
shew no values higher than 200 ppm. High values of both gold and copper 
appear to be restricted to obviously mineralized structures.
Correlation of Elements 
and
Selection of Pathfinder Elements
One of the principal objectives of geochemical work in the Clearwater 
Mountains was to establish an exploration model, applicable to the search 
for gold and copper lodes within the belt of rocks examined in this study. 
An important part of the model construction was the determination of path-
finder elements associated with the economic metals.
Toward this objective, standard product-moment correlation coeffi-
cients were computed between all pairs in the 30 elements analyzed —  as
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a means of examining intrasample element associations. This was done for 
both stream-sediment data and bedrock analyses. For the stream-sediment 
data, the more sensitive wet chemical analyses on gold, silver, copper, 
and arsenic were substituted for spectrographic results before correlating. 
Similarly for the bedrock data, gold and arsenic determinations by wet 
chemical methods replace the spectrographic data. Mercury determined by 
instrumental techniques is added for both sample media. In both cases, 
this provided a total of 30 elements for correlation computations.
Correlation coefficients between element pairs vary between -1 and 
+1. A +1 signifies a perfect positive correlation and -1 a perfect nega-
tive correlation. Absence of correlation is indicated by zero. A tabular 
sunmary of coefficients and of the number of pairs used in the computation 
is provided in tables 19 and 20. No qualified values (e.g., L-less than, 
or G-greater than) frcm the analytical data were utilized in the 
computations. As a consequence, seme coefficients are based on a very 
few samples that contain both elements in question. Obviously a very high 
correlation computed from very few pairs has a low statistical significance. 
For the purpose of this study, the author has arbitrarily selected co-
efficients of +0.25 or higher as meaningful. Given this level of corre-
lation, 25 or more pairs are considered minimal for stream sediments and 
75 or more for bedrock samples in coputing meaningful associations.
Tables 19 and 20 are read by locating the coordinate between element 
pairs of interest and noting the coefficient value above the lined 
diagonal. Once the coefficient is noted, the number of samples used in 
its computation is found by locating the conjugate coordinate for the 
same elements, but below the diagonal. For example in table 20, under 
column 26 (gold), a correlation of 0.31 with row 6 (boron) is noted.
ARRAY  UF NUMBER OF PAIRS AND CORRELATION COEFFICIENTS
1 2 3 9 5 6 7 8 9 10
FE PCT MG PCT CA PCT TI PCT MN PPM AG PPM B PPM BA PPM BE PPM Bi PPM
1 FE PCT 0.0____ 0.57729 0.08559 0.72906 0.51963 0.17567 -0.12793 0.26393 0.03302 0.0
2 MG PCT 633. —  0.0__ 0.32118 0.59062 0.35953 -0.02688 -0.13591 0.18581 -0.28262 -0.03398
3 CA PCT 608. 608. —  0 . 0 ____ -0.02663 0.35285 0.06195 -0.06533 -0.09637 -0.19006 0.75299
9 TI PCT 629. 625. 600. ~—  0.0 0.36976 0.07973 -0.19681 0.29801 -0.13678 0.02999
5 MN PPM 639. ' 632. 607. 628. —  0.0 0.17980 -0.11038 0.12367 0.15553 0.21368
6 AG PPM 121. 122. 113. 120. 122. —  0.0 -0.09961 -0.07999 0.32017 0.76566
7 8 PPM 999. 950. 938. 995. 950. 86. —  0.0 -0.08936 -0.00208 -0.28116
8 BA PPM 559. 561. 591. 552. 558. 109. 906. ~ ■——  0 . 0 ____ 0.12577 -0.16572
9 BE PPM 97. 98. 96. 96. 96. 30. 85. 98. —  0.0 0.13295
10 B1 PPM 10. 10. 9. 10. 10. 10. 5. 7. 9. '— —  0.0
11 CO PPM 538. 538. 529. 532. 538. 103. 917. 985. 90. 7.
12 CR PPM 510. 510. 999. 509. 510. 89. 912. 959. 77. 5.
13 CU PPM 567. 566. 592. 560. 567. 115. 927. 511. 91. 10.
19 LA PPM 226. 22 7. 222. 222. 226. 29. 186. 226. 18. 0.
15 MO PPM 128. 130. 121. 127. 128. 62. 91. 129. 93. 5. .
16 NB PPM 231. 233. 229. 230. 231. 78. 175. 186. 72. 5.
17 N1 PPM 569. 568. 551. 561. 569. 112. 931. 505. 90. 9.
18 P8 PPM 170. 171. 167. 169. 170. 53. 132. 163. 97. 9 •
19 SB PPM 0. 0. 0. 0. 0. 0. 0. 0. 0. 0.
20 SC PPM 599. 596. 537. 537. 599. 96. 933. 995. 92. 7.
21 SN PPM 9. 9. 9. 9. 9. 0. 3. 9. 0. 0.
22 SR PPM 535. 536. 529. 529. 533. 93. 909. 993. 95. 8.
23 V PPM 616. 615. 599. 606. 615. 121. 950. 553. 98. 10.
29 W PPM 2. 2. 2. 2. 2. 2. 2. 2. 1. 1.
25 Y PPM 593. 595. 539. 538. 592. 102. 931. 995. 99. 7.
26 ZU PPM 31. 31. 31. 31. 31. 16. 26. 30. 16. 3.
2/ lR PPM 570. 571. 557. 563. 571. 111. 938. 518. 95. 7.
28 AU PPM 198. 198. 189. 197. 198. 90. 136. 190. 59. 9.
29 AS PPM 368. 368. 359. 365. 369. 87. 291. 322. 68. 9.
30 HG PPM 558. 553. 530. 598. 557. 109. 392. 991. 73. 10.
Table 19. Bedrock sample correlation data
ARRAY  OF NUMBER OF PAIRS ANO CORRELATION COEFFICIENTS - CONTINUED
11 12 13 14 15 16 17 18 19 20
CO PPM CR PPM CU PPM LA PPM MO PPM N8 PPM NI PPM PB PPM SB PPM SC PPM
1 FE PCT 0.52326 0.39449 0.13425 0.29168 -0.11064 -0.06935 0.54480 -0.10336 * * * * * * * * 0.52605
2 MG per 0.23014 0.52671 0.04334 0.14099 -0.19451 -0.21245 0.46452 -0.16712 ******** 0.60608
3 CA PCT 0.01239 0.18198 0.02043 -0.01699 0.07362 -0.23018 0.14715 0.11250 * * * * * * * * 0.14708
4 TI per 0.37793 0.38906 0.09666 0.36785 -0.19128 -0.09339 0.49830 -0.16496 * * * * * * * * 0.57169
5 MN PPM 0.38663 0.11203 0.04896 0.30248 0.00998 0.20451 0.24420 -0.00857 * * * * * * * * 0.20427
6 AG PPM , 0.23959 , 0.01778 . 0.24170 . -0.14116 -0.10740 -0.06538 0.05582 0.48613 * * * * * * * * 0.19001
7 6 PPM -0.09459 -0.10882 -0.03914 -0.04849 0.00942 -0.03197 -0.11738 0.03299 ******** -0.09325
8 BA PPM 0.13701 0.16262 -0.06519 0.47630 -0.07109 0.16495 0.20737 -0.09427 * * * * * * * * 0.18929
9 BE PPM -0.02307 -0.22697 0.05715 -0.11149 0.57241 -0.00041 -0.16781 0.02814 * * * * * * * * -0.26226
10 BI PPM 0.79795 0.07538 0.37882 * * * * * * * * -0.39256 -0.18464 -0.11471 0.68192 * * * * * * * * 0.40544
11 CO PPM 0.0 __ 0.24470 0.11783 0.08237 -0.09361 -0.01330 0.45464 0.24656 * * * * * * * * 0.30478
12 CR PPM 471. ' —  0.0 _ 0.12122 0.08348 -0.21222 -0.30368 0.65428 -0.10946 * * * * * * * * 0.51466
13 CU PPM 503. 475. —• 0.0 _ 0.04948 -0.07813 -0.07516 0.13772 0.05401 * * * * * * * * 0.13296
14 LA PPM 214. 201. 214. - 0.0 _ -0.11299 0.33318 0.22058 0.51786 * * * * * * * * 0.09775
15 MO PPM 112. 99. 126. 18. —  0.0 _ -0.04215 -0.19530 -0.04775 * * * * * * * * -0.30872
lo NB PPM 209. 187. 215. 29. 88. ' —  0.0 . -0.29381 -0.06326 * * * * * * * * -0.25412
17 N I PPM 513. 486. 521. 209. 119. 206. "  0.0 . -0.07558 * * * * * * * * 0.47555
18 PB PPM 154. 143. 158. 71. 38. 69. 154. —  0 . 0 __ * * * * * * * * -0.12864
ly SB PPM 0. 0. 0. 0. 0. 0. 0. 0. —  0.0__ * * * * * * * *
20 s c PPM 503. 480. 507. 222. 102. 207. 509. 160. 0. ~ ~  0.0
21 SN PPM 3. 2. 4. 2. 0. 0. 2. 2. 0. 4.
22 SR PPM 486. 454. 497. 226. 100. 195. 492. 162. 0. 507.
23 V PPM 537. 511. 561. 227. 127. 233. 561. 170. 0. 546.
24 M PPM 2. 2. 2. 0. 1. 2. 2. 1. 0. 2.
25 Y P P M 499. 475. 513. 224. 109. 216. 506. 165. 0. 526.
26 Z N P P M 29. 25. 31. 3. 15. 25. 30. 21. 0. 29.
27 Z R P P M 515. 490. 532. 22 5. 116. 2 2 2 . 529. 160. 0. 531.
28 A U P P M 169. 147. 187. 37. 92. 124. 168. 62. 0. 155.
29 A S P P M 326. 312. 342. 131. 78. 142. 339. 104. 0. 327.
30 H G P P M 465. 437. 492. 219. 1 1 1 . 196. 492. 142. 0. 474.




A R R A Y   O F  N U M B E R   O F  P A I R  S  A N D   C O R R E L A T I O N   C O E F F I C I E N T S   —   C O N T I N U E D
2 1 2 2 '  2 3 2 4 2 5 2 6 2 7 2 8 2 9 3 0
S N   P P M S R   P P M V   P P M W  P P M Y   P P M Z N   P P M Z R   P P M A U   P P M A S   P P M H G   P P M
1 F E p e r - 0 . 1 6 3 3 0 - 0 . 0 2 7 1 0 0 . 6 2 9 7 2 - 1 . 0 0 0 0 0 0 . 3 3 8 1 2 0 . 6 3 7 2 0 0 . 2 2 7 4 6 0 . 1 7 1 8 9 0 . 2 8 4 7 7 0 . 1 3 1 8 6
2 M G P C T - 0 . 2 7 9 4 1 0 . 0 8 0 3 8 0 . 5 5 7 9 7 1 . 0 0 0 0 0 0 . 1 6 5 2 5 - 0 . 2 6 7 5 7 0 . 1 2 8 3 8 - 0 . 1 9 3 4 0 - 0 . 1 3 5 0 3 - 0 . 0 4 5 5 7
s c a p e r - 0 . 1 0 9 3 7 0 . 2 9 4 1 8 0 . 0 4 5 8 4 - 1 - 0 0 0 0 0 0 . 0 9 8 1 4 - 0 . 1 6 1 3 1 - 0 . 2 0 3 4 0 - 0 . 0 3 8 0 6 - 0 . 1 2 5 3 9 - 0 . 0 0 6 7 3
* T  I p e r 0 . 6 5 3 2 0 - 0 . 0 3 6 0 4 0 . 7 1 8 7 8 - 1 . 0 0 0 0 0 0 . 3 8 4 1 8 0 . 1 6 6 9 9 0 . 3 7 0 5 3 0 . 0 1 0 4 5 0 . 0 7 5 3 8 0 . 0 4 9 9 5
5 M N P P M 0 . 2 4 1 8 8 0 . 1 1 3 8 0 0 . 3 3 8 7 6 - 1 . 0 0 0 0 0 0 . 3 2 5 4 2 0 . 6 5 1 0 8 0 . 1 1 8 7 1 0 . 0 8 9 9 7 0 . 3 3 5 6 5 0 . 2 1 8 7 1
6 A G P P M * * * * * * * * 0 . 0 5 2 0 9 0 . 0 5 7 4 6 - 1 . 0 0 0 0 0 0 . 1 3 5 0 3 0 . 5 1 9 8 3 0 . C 1 0 6 1 i 0 . 6 6 8 4 3  , . 0 . 2 9 8 7 4  . , 0 . 2 7 0 6  1 ,
7 6 P P M - 0 . 9 9 3 4 0 - 0 . 0 4 9 6 7 - 0 . 1 1 0 9 0 - 1 . 0 0 0 0 0 - 0 . 0 0 9 9 9 - 0 . 0 0 7 3 7 - 0 . 0 7 2 6 7 0 . 0 1 0 8 8 0 . 0 8 9 6 7 - 0 . 0 3 5 4 8
3 B A P P M 0 . 9 0 8 4 4 0 . 1 1 9 9 8 0 . 3 2 0 6 9 * * * * * * * * 0 . 1 5 9 0 0 0 . 1 7 8 5 8 0 . 4 3 4 8 7 0 . 0 3 3 3 3 0 . 0 9 9 2 1 0 . 0 0 3 3 5
9 8 E P P M * * * * * * * * - 0 . 0 3 1 3 5 - 0 . 1 8 6 5 6 * * * * * * * * 0 . 6 9 3 2 0 0 . 5 6 9 5 7 0 . 1 9 1 0 0 0 . 1 3 1 3 7 0 . 1 0 3 0 1 0 .  1 0 2 4 9
1 0 B 1 P P M * * * * * * * * 0 . 8 6 7 8 9 - 0 . 1 1 0 2 3 * * * * * * * * 0 . 1 8 1 8 1 0 . 7 6 3 2 2 0 . 3 4 8 9 6 0 . 3 1 5 5 2 0 . 0 5 8 9 0 0 . 0 9 0 0 7
1 1 C O P P M - 0 . 9 9 3 4 0 - 0 . 0 5 7 0 8 0 . 2 9 7 0 3 - 1 . 0 0 0 0 0 0 . 1 6 4 0 2 0 . 6 3 7 2 0 0 . 0 2 1 7 4 . 0 . 3 6 9 1 5  . 0 . 3 3 1 6 8 0 . 1 5 6 3 4
1 2 C R P P M 1 . 0 0 0 0 0 0 . 0 4 8 7 9 0 . 3 9 8 9 3 * * ♦ * * ♦ ♦ * 0 . 0 5 2 8 9 - 0 . 2 9 8 9 4 0 . 0 8 5 6 5 - 0 . 1 4 7 2 1 - 0 . 1 3 2 0 0 - 0 . 0 6 0 1 4
1 3 C U P P M 0 . 9 8 0 0 0 - 0 . 0 0 1 6 3 0 . 0 7 6 3 1 1 . 0 0 0 0 0 0 . 0 6 0 5 5 - 0 . 0 6 9 9 0 - 0 . 0 5 4 6 6 - 0 . 0 1 3 3 8 0 . 0 6 1 8 1 - 0 . 0 1 2 9 6
1 4 L A P P M * * * * * * * * 0 . 3 1 5 0 9 0 . 2 6 8 1 6 * * * * * * * * 0 . 2 4 0 6 2 0 . 0 0 . 3 4 3 4 7 0 . 0 8 7 0 7 0 . 0 2 6 0 7 - 0 . 0 5 5 4 4
1 5 H O P P M * * * * * * * * - 0 . 0 5 0 4 9 - 0 . 1 3 5 5 4 * * * * * * * * 0 .  1 9 4 5 1 - 0 . 3 9 7 5 5 - 0 . 1 8 0 0 1 - 0 . 0 6 4 6 5 - 0 . 0 9 0 8 8 - 0 . 1 1 9 1 1
1 6 N B P P M * * * * * * * * 0 . 2 3 8 7 8 - 0 . 0 8 7 8 8 * * * * * * * * 0 . 0 2 4 8 3 0 . 2 9 5 3 7 0 . 2 9 3 6 0 0 . 0 3 3 4 7 0 . 1 6 6 6 2 0 . 0 6 9 7 2
1 7 N I P P M 1 . 0 0 0 0 0 - 0 . 0 8 7 2 0 0 . 4 5 3 4 2 - l . 0 0 0 0 0 0 . 1 2 2 0 6 - 0 . 2 7 7 3 2 0 . 0 7 1 8 7 - 0 . 0 4 2 2 3 - 0 . 0 6 9 2 9 - 0 . 0 3 1 9 7
1 3 P B P P M 1 . 0 0 0 0 0 - 0 . 0 6 3 0 3 - 0 . 2 0 7 1 6 * * * * * * * * - 0 . 0 3 5 4 3 0 . 2 4 1 1 9 - 0 . 1 0 5 1 2 0 . 2 6 3 0 6 0 . 2 2 7 3 8 0 . 0 7 1 7 2
I V S B P P M * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *
2 0 S C P P M 0 . 4 8 9 9 0 0 . 0 3 7 4 9 0 . 7 1 2 5 9 1 . 0 0 0 0 0 0 . 2 2 3 7 2 - 0 . 3 0 3 9 5 0 . 1 2 9 5 9 - 0 . 1 2 2 5 9 - 0 . 1 4 0 4 9 - 0 . 0 7 8 8 7
2 1 S N P P M 0 . 0  _ _ 0 . 5 9 9 7 6 0 . 2 0 0 0 0 * * * * * * * * 0 . 4 8 9 9 0 * * * * * * * * 0 . 3 2 6 6 0 * * * * * * * * * * * * * * * * - 0 . 1 2 0 8 0
2 2 S R P P M 4 . —  0 . 0  . 0 . 0 6 2 8 7 * * * * * * * * 0 . 0 6 9 9 1 0 . 0 5 8 3 1 0 . 0 5 2 1 5 - 0 . 0 8 3 7 3 - 0 . 0 8 4 8 2 - 0 . 0 3 5 5 7
2 3 V P P M 4 . 5 3 4 . - - - 0 . 0  . * * * * * * * * 0 . 2 9 1 7 4 - 0 . 2 0 4 8 5 0 . 2 3 2 9 9 - 0 . 1 0 3 1 6 - 0 . 0 6 2 7 6 - 0 . 0 1 4 2 4
2 4 w P P M 0 . 1 . 2 .   ~ ~ — • 0 . 0  . - 1 . 0 0 0 0 0 * * * * * * * * * * * * * * * * - 1 . 0 0 0 0 0 - 1 . 0 0 0 0 0 * * * * * * * *
2 5 Y P P M A . 5 1 0 . 5 4 5 . 2 .  ■— * 0 . 0  _ 0 . 3 1 1 2 8 0 . 3 1 2 3 7 0 . 1 9 1 8 9 0 . 1 0 6 5 8 0 . 0 8 4 0 9
2 6 Z N P P M 0 . 2 8 . 3 0 . 1 . 3 0 .  ~ ~ ~ — ’ 0 . 0 0 . 5 6 8 3 6 0 . 4 6 1 2 2 0 . 7 8 3 0 0 0 . 9 0 3 3 3
2 7 Z R P P M 4 . 5 1 2 . 5 7 1 . 1 . 5 2 6 . 2 9 .  ' —  0 . 0 0 . 1 3 4 1 3 0 . 2 1 9 1 5 0 . 1 4 9 3 0
2 8 A U P P M 0 . 1 5 7 . 1 9 8 . 2 . 1 6 2 . 1 9 . 1 7 6 . —  0 . 0  . , 0 . 5 6 8 0 5  , i 0 . 4 2 9 5 0  .
2 9 A S P P M 0 . 3 1 2 . 3 6 2 . 2 . 3 2 8 . 2 2 . 3 3 8 . 1 4 0 . - o . o  ____ 0 . 6 4 1 6 0
3 0 H G P P M 4 . 4 6 5 * 5 3 5 * 1 . 4 7 3 . 2 6 . 4 9 4 . 1 7 2 . 3 2 5 . —  0 . 0




A R R A Y  O F  N U M B E R  O F  P A I R S  A N D C O R R E L A T I O N C O E F F I C I E N T S
1 2 3 4 5
F E  P C T M G  P C T C A  P C T T I  P C T M N  P P M
1 F E P C T 0 . 0 _ _ _ _ _ _ _ _ 0 . 2 8 8 4 7 0 . 5 1 7 9 2 0 . 3 3 4 0 9 0 . 4 6 3 6 6
2 M G p e r 2 1 5 . ~ ~   C  .  C _ _ 0 . 4 C 1 C 0 0 . 1 5 7 5 7 0 . 1 6 1 4 3
3 C  A P C T 2 1 5 . 2 1 6 .   '~   0  .  0 _ _ _ _ 0 . 3 0 2 9 0 0 . 2 8 4 9 4
4 T  I P C T 2 1 3 . 2 1 4 . 2 1 4 . —   0 . 0   . 0 . 2 1 7 1 1
5 M N P P M 2 1 4 . 2 1 5 . 2 1 5 . 2 1 3 .   ' —   O . C
6 e P P M 1 9 6 . 1 9 7 . 1 9 7 . 1 9 5 . 1 9 6 .
7 e « P P M 2 1 5 . 2 1 6 . 2 1 6 . 2 1 4 . 2 1 5 .
8 8 E P P M 3 3 . 3 3 . 3 3 . 3 3 . 3 3 .
9 8  1 P P M 0 . 0 . 0 . 0 . C .
1 0 C O P P M 2 1 3 . 2 1 4 . 2 1 4 . 2 1 2 . 2 1 3 .
1 1 C R P P M 2 1 5 . 2 1 6 . 2 1 6 . 2 1 4 . 2 1 5 .
1 2 L A P P M 1 8 6 . 1 8 7 . 1 8 7 . 1 8 5 . 1 8 7 .
1 3 M O P P M 1 2 . 1 2 . 1 2 . 1 2 . 1 2 .
1 4 N B P P M 6 3 . 6 4 . 6 4 . 6 2 . 6 3 .
1 5 N I P P M 2 1 5 . 2 1 6 . 2 1 6 . 2 1 4 . 2 1 5 .
1 6 P B P P M 2 C 0 . 2 0 1 . 2 0 1 . 2 0 1 . 2 0  1 .
1 7 S B P P M C . 0 . 0 . 0 . 0 .
1 0 S C P P M 2 1 5 . 2 1 6 . 2 1 6 . 2 1 4 . 2 1 5 .
1 9 S N P P M 0 . 0 . 0 . 0 . 0 .
2 0 S R P P M 2 1 4 . 2 1 5 . 2 1 5 . 2 1 3 . 2 1 4 .
2 1 V P P M 2 1 5 . 2 1 6 . 2 1 6 . 2 1 4 . 2 1 5 .
2 2 k P P M 0 . 0 . 0 . 0 . 0 .
2 3 Y P P M 2 1 4 . 2 1 5 . 2 1 5 . 2 1 3 . 2 1 4 .
2 4 2 N P P M 1 . 1 . 1 . 1 . 1 .
2 5 Z R P P M 2 1 5 . 2 1 6 . 2 1 6 . 2 1 4 . 2 1 5 .
2 6 A U P P M 5  1 . 5 2 . 5 2 . 5 1 . 5 1 .
2 7 A G P P M 1 8 9 . 1 9 0 . 1 9 0 . 1 9 0 . 1 9 0 .
2 8 C U P P M 2 1 4 . 2 1 5 . 2 1 5 . 2 1 3 . 2 1 4 .
2 9 A S P P M 9 4 . 9 5 . 9 5 . 9 5 . 9 5 .
3 0 H G P P M 2 1 4 . 2 1 5 . 2 1 5 . 2 1 3 . 2 1 4 .
T a b l e  2 0 S t r e a m - s e d i m e n t  s a m p l e  c o r r e l a t i o n  d a t a
6 7 8 9 1 0
B   P P M B A  P P M B E  P P M B l  P P M C C  F P M
0 . 0 8 1 2 6 - C . 1 9 5 8 0 - 0 . 3 4 1 3 4 • a s * * * * * C . 4 8 6 8 1
0 . 1 7 0 2 8 C . C 9 5 3 2 - 0 . 3 6 9 3 1 * * * * * * * * C . 2 4 9 7 5
0 . 3 2 5 3 3 - C . 2 6 C 6 5 - C . 2 6 9 8 1 * * * * * * * * 0 . 2 6 1 6 4
0 . 0 6 3 8 6 - C . 1 5 6 e 7 0 . 0 3 8 1 1 * * * * * * * * 0 . 1 6 6 3 3
0 . 0 7 1 3 6 0 . 0 7 2 8 0 0 . 0 4 6 7 4 * * * * * * * * 0 . 3 9 0 3 4
0 . 0 0 . 1 2 7 3 7 O . C * * * * * * * * C . 0 5  fc1 3
1 9 7 .  ' —  C . O — 0 . 3 5 3 C 4 * * * * * * * * C . 1 C 8 C 3
3 1 . 2 3 .  ’ ■—  C . O * * * * * * * * * * * * * * * *
0 . C . C . ~  0 . 0 * * * * * * * *
1 9 6 . 2 1 4 . 3 2 . 0 .  ~ ~ —  C . O
1 9 7 . 2 1 6 . 3 3 . c . 2 1 4 .
1 7 2 . 1 8 7 . 3 3 . c . 1 8 5 .
1 2 . 1 2 . 4 . c . 1 2 .
5 7 . 6 4 . 1 6 . 0 . 6 4 .
1 9 7 . 2 1 6 . 3 3 . c . 2 1 4 .
1 8 3 . 2 0  1 . 3 3 . c . 1 S  9  .
0 . 0 . 0 . c . C .
1 9 7 . 2 1 6 . 3 3 . 0 . 2 1 4 .
0 . 0 . C . 0 . 0 .
1 9 7 . 2 1 5 . 3 2 . c . 2 1 4 .
1 9 7 . 2 1 6 . 3 3 . 0 . 2 1 4 .
0 . 0 . C . 0 . C .
1 9 7 . 2 1 5 . 3 2 . c . 2 1 4 .
1 . 1 . C . c . 1 .
1 9 7 . 2 1 6 . 3 3 . 0 . 2 1 4 .
5 0 . 5 2 . 9 . 0 . 5 1 .
1 7 4 . 1 9 0 . 3 2 . c . 1 8 8 .
1 9 6 . 2 1 5 . 3 3 . 0 . 2 1 3 .
9 4 . 9 5 . 1 5 . 0 . 9 3 .
1 9 6 . 2 1 5 . 3 3 . c . 2 1 3 .
I 1 s m
ffv.' - - - .....................:- -t g
-
ARRAY CF NUMBER CF PAIRS ANC CORRELATION COEFFICIENTS - CONTINUED
IX It 13 14 15 16 17 18 19 20CR PPH LA PPM HC PPH NE PPH NI PPM PB PPM SE PPH SC PPH SN PPH SR PPH
1 FE PCT C.110B2 -C.C81C1 -0.15646 C.04365 0.19438 -C.11452 ******** C.43C46 C.04995
2 MG PCT 0.41308 -0.C1714 -C.26038 0.19034 0.23724 —0.22C66 ******** 0.26640 ******** 0.19411
i CA PCT C.2C82C -C.C3296 -0.28093 0.18270 0.11215 -0.198C2 0.37707 ******** 0.183174 T I PCT 0.C4342 C.C0242 0.29407 0.20399 0.15011 -0.02835 ******** C.14926 ******** -C.042885 MN P PH C. 15512 C.C8489 -C.28313 0.06069 . 0.284C5 -0.04319 ******** 0.378C4 ******** C. 1824C6 B PPM -0.16460 - o . c e c 7 2 0.19461 0.22585 -0.C3160 C.11656 ******** -C.04995 ******** -C.11137
7 ea P PH 0.06334 0.22613 0.43125 -C.C3910 0.116C3 —0.C6852 —0.C67C4 ******** C.303358 BE PPH -0.27910 0.66591 ******** ******** . 0.618C8 . 0.98875 f * * * * * * * * 0.19655 * * * * * * * * ********
9 B I PPM **** * * * * ******** ******** ******** ******** ******** ******** ******** ******** ********
10 CC PPH 0.29354 -0.15C22 -0.12745 0.027C1 . 0.495C4 0.03 08 7 ******** C.50 762 ******** 0.0124811 CR PPM C.O -0.C7219 -0.20721 -0.13301 , 0.66718 -0.02653 ******** C.3559C ******** -C. 1035312 LA PPM 187. —  C . O __ 0.01564 0.C8681 0.1515C . C.42565 . -C.C225C ******** C.2439913 HO PPM 12. 12. —  C.C C . C -0.13016 -0.12999 ******** —0.27C14 ******** -C.C9313i« NB PPM 64. 57. 4. —  C.O -0.15359 C.01198 ******** -C.CC517 ******** C .2 195915 NI PPM 216. 187. 12. 64. ~ - O.C . C.27C13 . * * * * * * * * ■ C.34306 . ******** -C.1689516 P3 PPM 201. 178. 12. 58. 2C1. - * ~ c 7 o---- ' ******** 0.C2245 ******** -C. 143521/ S E PPM 0. C. 0. 0. 0. 0. —  C.C ******** ******** ********
18 SC PPM 216. 187. 12. 64. 216. 201. 0. ~ ■—  C.C __ ******** C. 19 5 7 A19 SN PPM C. 0. C. 0. 0. 0. c . 0. - O.C , ********20 SR PPM 215. 186. 12. 64. 215. 2C0. 0. 215. c . — - C.C
21 V PPM 216. 18 7. 12. 64. 216. 201 . c . 216. C. 215.22 ta PPM C. C. C. 0. 0. 0. 0. 0. 0. 0.23 Y PPM 215. 186. 12. 64. 215. 2C0. c . 215. c . 215.24 Z N PPM 1. 1. 1. 1. 1. 1. 0. 1. c . 1.
25 ZR PPM 216. 187. 12. 64. 216. 201. c . 216. C . 215.
26 Ali PPM 52. 47. 4. 18. 52. 49. c . 52. c . 5 I .
27 A G P P M 190. 176. 12. 51. 190. 182. c . ISO. 0. 189.
28 c u PPM 215. 187. 12. 64. 215. 200. c . 215. c . 214.
29 AS PPM 95. 88. 10. 21. 95. 91. 0. 95. C . 94.
30 t-G PPM 215. 187. 12. 64. 215. 200. c . 215. 0. 214.
Table 20 . - continued
ARRAY CF NUMBER CF PAIRS ANO CORRELATION COEFFICIENTS CONTINUED
21 22 23 24 25 26 27 28 29 30
V PPM W PPM Y PPM ZN PPM ZR PPM AU PPM AG PPM CL FPM AS FPM MG FPM
1 FE PC T 0.60312 ******** 0.31849 ******** 0.02147 0.03219 C .20218 C.17952 C.22411 -0.06083
2 MG PCT C.23C74 ******** 0.11827 ******** -0.00298 C.13476 -C.C7413 C.C5863 0.C6C77 -0.12958
3 CA PCT C.4271 1 ******** 0.15789 ******** -0.02421 -C.01199 C.C8CC7 -C.C2CC7 0.C6363 -C. 04501
4 T I PCT C.21752 ******** 0.16405 ******** 0.11142 0.22163 C.19910 0.C9CC6 C.2C141 -C.C8315
5 MN PPM C.3C213 ******** 0.45595 ******** 0.C869C 0.03363 C.C6C36 C.2C66C C.C57S3 -C.05968
6 B PPM -0.06648 *** ***** 0.CC195 ******** 0.1CC44 , C.31164 , C.08698 -0.06173 -0.C3058 C.12716
7 BA PPM -0.16125 ******** 0.C4535 ******** 0.11348 -0.19877 -C.2C91C —C.C4598 -C.2C355 -C.C6737
8 BE PPM -0.49473 ******** ******** ******** -0.04955 C.O -C. 1C1C4 -C.C47eS -C.28C43 -C.C6762
9 B I PPM **♦*♦**« ******** ******** ******** ******** ******** ******** ******** ******** ********
10 CO PPM 0.51029 ******** 0.15226 ******** -C.04583 -C.21929 . C.42329 . C .20593 0.1C248 0.C3413
11 CR PPM 0.11214 ******** 0.C5342 ******** —0.0870 3 -C.18899 . C.26932 . C. ie496 -0.0564l C.08890
12 LA PPM -0.14175 ******** 0.C8915 ******** 0.12397 0.02772 -C.27SC4 —C.C9C21 -0.C2CC2 -C.C7337
13 BO PPM C.43552 ******** C.51357 ******** 0.40811 C.87C39 -C.2CC61 -0.52644 C.46194 C.32183
14 NE PPM 0.C5491 ******** -0.02092 ******** -0.C1527 0.69823 -C.11314 C .06 129 0.315C8 -C.C589 1
15 NI PPM 0. 16939 ******** 0.05453 ******** 0.05769 -C.14778 . C.39EC5 , , 0.29213 , -0.C1C48 -0.C31C4
16 P 8 PPM -C. 14161 ******** -0.12289 ******** -0.01267 -C.C8349 C.C67SC -C.CC7C3 -0.C6776 C.C1339
17 SB PPM ******** ******** ******** ******** ******** ******** ******** ******** ******** ********
18 SC PPM C.44348 ******** 0.39497 ******** 0.10088 0.00021 C.15732 0.12776 —C.CC36C -C.C0126
19 SN PPM ******** ******** ******** ******** ******** ******** ******** ******** ******** ****** **
20 SR PPM 0.05900 ******** -0.05783 ******** 0.04990 C.09161 -C.514e9 -C. 17353 -C.C5348 -C.C1089
21 V PPM C.C . ******** 0.14355 ******** 0.C184C —0.C6281 C.21C55 C.15C51 C. 1109 5 -C.02131
22 u PPM 0. — ■ c.o _ ******** ******** ******** ******** ******** ******** ******** ********
23 Y PPM 215. 0. 0.0 _ ******** 0.21794 0.09 724 -C.C2831 C.11460 -C.C4877 -C.C6988
24 ZN PPM 1. c. 1. — ■ 0.0 ******** ******** ******** ******** ******** ********
25 ZR PPM 216. 0. 215. 1. ■ C.O 0.2092 3 -C.069e7 C.C3214 -C.C2567 -C.C8C89
26 A U PPM 52. 0. 51. 0. 52. —  0.0 . -C. 16524 —C.C7275 . C.343C4. -C.C66C2
27 AG PPM 19C. 0. 189. 1. 190 . 46. C.C . ,C.35526 , C.C2S57 C. 18599
28 CO PPM 215. c. 214. 1. 215. 52. 190. 1- 0.0 -0.C1563 C.C1618
29 AS P P M 95. 0. 94. 1. 95. 37. 94. 95. ' - C.C C.C5482
30 l-G PPM 215. 0. 214. 1. 215. 52. 190. 215. 95. ' — -o.c
Table 20. ■ continued
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Considering the conjugate coordinate, under column 6 (boron) on page 192 
and at rcw 26 (gold), one notes that 50 samples contained unqualified 
values of boron and gold. Various correlation coefficients between 
selected trace elements important to this investigation are underlined 
in tables 19 and 20.
For the bedrock sample data summarized in table 19, gold shews mean-
ingful correlation with silver (0.67), arsenic (0.57), and mercury (0.43). 
Silver is correlative with cobalt (0.29) and arsenic (0.30). Copper 
shows no strong association with any trace elements and has only a low 
correlation with silver.
Inspection of stream-sediment correlations (table 20) shows that 
gold in this medium is associated with boron (0.31) and arsenic (0.34).
To some degree, copper follows nickel (0.29) and silver (0.36). Silver 
shews definite mafic or ultramafic affiliations with cobalt (0.42), 
chromium (0.27), nickel (0.40), and copper.
These observations imply that arsenic and mercury should be useful 
index elements for gold in bedrock sampling programs over this region, 
and that at least arsenic should be determined when exploring for gold 
by stream-sediment sampling. This geochemical association of gold with 
arsenic and mercury has also been reported for the disseminated gold de-
posits of eastern Nevada (Erickson and others, 1966, p. 1), except that 
there, antimony and tungsten shew appreciable enrichment as well.
Silver exhibits little consistency of association between the two 
sanple media. In bedrock samples it seems to follow the gold-associated 
elements, whereas in stream sediments it displays a typical ultramafic 
affiliation. It is probable that stream-sediment silver is largely sili-
cate bound, while in bedrock samples it is predominantly in limonitic
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residue. The latter may effectively bypass the stream-sediment medium 
by solution transport.
The fact that copper in stream sediments follows nickel and silver 
suggests that the mafic elements may be potentially useful indicators for 
copper mineralization, particularly in streams draining the metavolcanic 
belt. Analysis for copper itself appears to be the best technique in 
limonitic materials collected from bedrock.
LOCATION AND ANOMALY MAPS OF SELECTED ELEMENTS 
Stream Sediment Samples
The locations of all stream-sediment samples collected during the 
present study are shown on figure 115. Sample locations are nurrbered 
frcm left to right by section and vertically down the page. A single 
exception is sanple 216 which is located near location 104. All location 
lumbers correspond to sample or location numbers in Appendices I and II.
Figure 116 shows the locations of anomalous gold and copper in stream 
sediments over the region. Thresholds and anomalous value were deter-
mined by the method discussed in a previous section.
Gold anomalies are largely restricted to streams which have a history 
of placer activity. The strongest anomalies are confined to the Timber- 
line Creek, White Creek, and Lucky Gulch drainages. Sanple location num-
bers for these anomalous areas are 93, 80-98, and 61-81 respectively. The 
anomaly at location 58 is from a small creek draining an area of heavy 
tundra cover. No evidence of previous mining or exploration activity is 
present at this location. Other, less striking gold anomalies occur in 




Copper anoiralies in stxeam-sediiments are confined to an area near 
the headwaters of Windy Creek. Samples 151, 153, and 155 were collected 
from a small creek draining an area of active copper exploration. A com-
parison of figures 3 and 116 shews that most strong anomalies cluster 
along a major E-W trending fault zone. The anomalous sample in upper 
Windy Creek is similarly from a tributary draining a fault zone of com-
parable trend, but just south of the geologic map.
Regional Bedrock Geochemical Samples
Locations of most geochemical samples collected from bedrock outcrops 
in the present investigation are plotted on figure 117. The remaining 
bedrock samples are shewn on later detailed prospect naps. In the same 
manner as was done for stream-sediments, samples are numbered from right 
to left and down the page of figure 117. All location numbers correspond 
to the sample and location numbers in Appendices III and IV. In addition 
to bedrock sample locations, the general areas of Timber line Creek and 
Black Creek are indicated, providing an index for detailed naps in later 
sections.
The major clusters of gold anomalies shewn on figure 118 are within 
the Timber line and Black Creek areas. Samples 67 and 74, located north-
west of Black Creek, were collected from dike rock and quartz veins in 
shear zones crossing Lucky Gulch. A comparison of figures 2 and 118 shows 
that the Black Creek anomalies are spatially related to an intersection 
of two major faults. Anomalies in Timberline Creek samples are mostly in 
sheared argillite or schist and quartz-carbonate veins within the small 
intrusive exposed there. Much of the shear zone rock away from the quartz- 
norite stock contains anomalous gold also. These local areas are shown 
in more detail in following sections.
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figure 118. Map shewing location of bedrock samples containing anomalous gold.
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Copper anomalies in bedrock samples are mostly restricted to shear 
zones in the metavolcanic rocks south of Windy Creek and to the Denali 
Prospect area near the headwaters of Windy Creek (fig. 119) . Several 
samples from gold prospects near Valdez Creek contained appreciable 
copper also.
Monoelemental anomaly maps of arsenic and mercury are shown in 
figures 120 and 121. A comparison of figures 118 and 120 illustrates 
spatial association of gold and arsenic; clusters of arsenic anomalies 
are present in the Tiirberline and Black Creek areas. In contrast, mer-
cury anomalies (fig. 121) appear to be concentrated in the area between 
centers of gold mineralization. The superposition Of figures 118 and 
121 outlines an E-W trending mineral belt about one mile wide and six 
miles long, which shews a crude hypogene zonation along the belt, with 
mercury enrichment occurring between centers of gold concentration. The 
mineral belt roughly coincides with a complex system of shears and 
fractures trending approximately parallel to and south of Valdez Creek.
A detailed distribution of faults and fractures in the gold centers is 
shewn on figures 122 and 130. In addition to the obvious association 
of the mineral belt with fault structures, it is nearly coincident also 
with the core of a large anticline whose axis trends eastward from the 
abandoned town of Denali (fig. 112) . A further relationship of potential 
exploration significance is the coincidence of the mineral belt with the 
transitional boundary between strongly recrystallized schists on the north 
and weakly metamorphosed argillites on the south. This boundary and the 
anticlinal structure have probably provided a zone of mechanical discon-
tinuity or weakness that focussed later fracturing and shearing. Locally, 
blatant fractures in the intrusive rocks have been the most important
%ire 119.
Map shaving location of bedrock sairples containing anomalous copper.
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Pirn
e 120. Map showing location of bedrock samples containing anoamlous arsenic
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sites of quartz-carbonate vein deposition, suggesting that the competent, 
but highly fractured stocks in shears and shear intersections have acted 
as central conduits for mineralizing solutions. This interpretation 
explains the prevalence of strong gold anomalies within the fractured 
stocks and the weaker, leakage (?) anomalies which extend out along shear 
zones away from the igneous rocks.
Timber line Creek Area
Figure 122 shews detailed geologic relationships in the Timberline 
Creek area, and in particular the density of faults and fractures import-
ant to the gold mineralization. Most throughgoing faults are of N.80°W. 
or E-W trend, whereas the conjugate fractures trend predominantly N.55°E. 
Offsets in the contact of the Timberline pluton north of the creek imply 
a component of left-lateral strike-slip displacement along the major 
faults. This sense of movement is indirectly supported by the prevalence 
of discontinuous quartz lodes in N.55°E. trending fractures conjugate to 
the main faults; fractures and joints of this trend would experience a 
dilation upon left lateral movement along the main faults.
The locations of geochemical samples taken near Timberline Creek are 
plotted on figure 123. Gold and arsenic anomalies corresponding to these 
locations are shown on figure 124 and 125 respectively. A detailed loca-
tion map and corresponding gold-arsenic anomaly map of tie ridge north 
of Timberline Creek are shown in figures 126 and 127.
The geology in the Timberline adit was also mapped during the sampl-
ing program and is shown in figure 128; typical relationships between 
the major shear zones and gold mineralization are illustrated by inspec-
tion of figures 128 and 129. Note particularly the coincidence of gold 
^cmalies with tie Big Caribou Fault zone.
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Figure 123. Map shewing location of geochemical samples collected from bedrock in 
the Timberline Creek area. (Keyed to figure 122.)
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Figure 126. Geochemical sanple location map of the ridge north of Timberline Creek. For location see figure 122.
NJ
Figure 127. Bielemental map of gold and arsenic anomalies on the ridge north of Timberline Creek. For location see 
figure 122.





figure 129. Mine maps showing location of geochemical samples and gold anomalies 




The geologic relationships at the Black Creek gold prospect are 
shown in figure 130. The prospect area is located at the intersection 
of two major faults (figs. 3 and 117) and is underlain by the argillite 
sequence —  differentiated into four members for the prospect study.
Small, highly altered intrusives of intermediate composition have been 
emplaced in the highly sheared hosts. Later recurrent movement along 
the faults has sheared and shattered the igneous rocks also. Pyrite, 
pyrrhotite, and their alteration or weathering products are ubiquitous 
in the rocks underlying the prospect and have produced a reddish stained 
area over the entire Black Creek saddle. Auriferous quartz veins in the 
shattered intrusive north of Black Creek (fig. 130) have focussed most 
lode mining efforts at the prospect, although anomalous gold concentrations 
are present away from the intrusives as was similarly noted at the Timber- 
line Creek area.
Figures 131 and 132 shew the locations of bedrock samples taken at 
the prospect and the location of samples containing anomalous gold and 
arsenic. Mine maps illustrating the geology and gold-arsenic anomalies 
in the Black Creek adit are provided in figures 133 and 134. Very high 
concentrations of gold, ranging from 4 to 86 ppm in adit samples, are 
largely restricted to the small intrusive body near the portal (fig. 134) . 
All of the samples yielding these high gold-arsenic values are composite 
samples, taken over ten foot intervals; each contained an appreciable 
amount of vein material or limonitic residue found over the same interval. 
It is important to note (fig. 130) that the larger intrusive, from which 
^ t z  veins were mined on the surface, was not penetrated by the
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figure 130. Scale, 1" =20'.
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exploration adit and that the larger intrusive body iray be similarly 
mineralized at depth.
SUMMARY AND RECOMMENDATIONS
The program of geochemical sampling discussed in this report deline-
ates two centers of gold mineralization in the western Clearwater 
Mountains. The easternmost of these, the Black Creek prospect, is 
clearly coincident with the intersection of major faults crossing the 
area. Hie Tinfoerline Creek center to the west is located in close proxi-
mity to the same major E-W trending structure as the Black Creek occurrence. 
Appreciable enrichment of mercury is concentrated along the sane E-W 
structural belt, but between centers of gold mineralization, defining 
an elongate pattern of hypogene zoning.
Arsenic shews close association with gold in both bedrock and stream- 
sediment samples. Mercury is also correlative with gold in bedrock 
samples; hewever, the highest values are not spatially associated as 
illustrated on the regional anomaly maps (figs. 118 and 121). These 
elements should be considered as potential indices to gold occurrence in 
subsequent exploration programs throughout this region.
Highly fractured and altered intrusive bodies at the mineralization 
centers have been the host rock for deposition of auriferous quartz veins, 
which were the target of most early lode mining efforts. Sampling and 
analysis of limonitic shear zone rock around the gold centers has shown 
that gold enrichment is not entirely restricted to the intrusive bodies.
At Timberline Creek, significant tonnages of low grade shear zone rock 
Nay be present under thin surficial cover in local areas of subdued 
topography. Additional physical exploration is needed in both this area
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and at the Black Creek prospect in order to assess total mineral 
potential. The determination of subsurface extent and of tenor in the 
small, mineralized intrusive bodies near the Black Creek adit should be 
primary objectives in the exploration of that prospect.
Occurrences of copper within this belt of rocks are largely confined 
to favorable structural sites near the metavolcanic-argillite contact.
Hie active Denali Prospect, near the head of Windy Creek is located at a 
fault intersection along the major shear zone which trends down and across 
Windy Creek. Numerous, minor vein-type copper occurrences are also pre-
sent along the same structure to the west, but on the south side of the 
creek.
Stream sediment sampling appears to have been totally ineffective 
in identifying the copper mineralization south of Windy Creek (compare 
for example figs. 116 and 119). The Denali Prospect area generates a 
stream-sediment anomaly, but this might well be attributed to the active 
exploration there before the sampling program. Copper exploration 
ventures in these rock units should include a photogeologic appraisal 
if possible, and at least a visual reconnaissance to establish important 
structural trends. This study suggests that copper deposits of the type 
found in this area may escape identification in routine sediment sampling 
programs.
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GOLD RESOURCE POTENTIAL OF THE DENALI BENCH GRAVELS
INTRODUCTION
The Valdez Creek placer deposits were discovered in 1903 and have 
been mined and explored intermittently up to the present. Gold produc-
tion until 1936 was estimated at $1,250,000 (at $35 per ounce), nearly 
all of which came from placers (Tuck, 1938, p. 113) .
The area was reexamined in 1968-69 as part of the U.S. Geological 
Survey's Heavy Metals Program. This section of the report describes only 
the placer deposits near the abandoned town of Denali and integrates 
earlier published information with new seismic refraction data to give 
resource estimates for the gold-bearing gravels.
The Denali placer area is approximtely midway between the towns of 
Paxscn and Cantwell, Alaska, near the confluence of Valdez Creek with the 
Susitna River. An unimproved road extends into the area and joins the 
Denali Highway 5 miles to the south, near milepost 77. Two unimproved 
airstrips in the area are also accessible to light aircraft (fig. 135).
GEOLOGY
The Denali bench gravels (fig. 135) are underlain by metamorphic 
rocks that grade from dark-gray argillite and greenish graywackes at the 
south end of the area to dark lineated phyHites north of Denali. Locally, 
interbed shearing and minor folding have produced slaty cleavage within 
both phyllites and higher grade argillites. In the extreme northern end 
of the area, the phyllites are distinctly spotted with clots of poikilo- 
blastic biotite. The zonational bedrock sequence lies in the lower grade
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part of a regional metamorphic terrane. Bedding and foliation dip gently 
northward across the area, but are complicated locally by small folds and 
numerous faults. The metamorphic zonation is important to the present 
study because suballuvial seismic velocities vary with the degree of 
recrystallization. Slight velocity differences along profiles may also 
in part reflect variations in foliation attitude.
The Denali bench gravels, as referred to informally in this section 
of the report, include both the auriferous alluvium on the bedrock bench 
adjacent to Valdez Creek and local channel fillings deposited in a canyon 
deeply incised within the bench. The deposits are distributed in a 
broadly curved belt extending northeast and southwest of Valdez Creek 
(fig. 135) . The alluvium cn the bedrock bench is a broad blanket-like 
deposit consisting of well-bedded auriferous gravels. It has been mined 
for gold intermittently since 1940, in the south wall of Valdez Creek 
across from Denali (fig. 136) and near Peters Creek.
Early mining in the gravels surrounding Denali was mainly concen-
trated along a deeply incised bedrock canyon cut by the ancestral Valdez 
Creek. (For detailed discussion see Moffit, 1912; Ross, 1933; and Tuck, 
1938.) This buried canyon— the Tammany Channel— and its downstream 
extension— the Dry Creek cut—  were filled by moderately sorted fluvial 
9tavel, much of which has been removed by hydraulic mining. Subrounded 
boulders are locally concentrated near the channel bottom, and quartz 
diorite, schist, and argillite represent the most abundant lithologies 
in the gravels. In underground workings along the channel bottom north 
of the Tammany cut, a thin layer of decomposed phyllite and slate bed-
rock yielded most of the gold recovered (J. Herman, oral commun., 1969), 
although all of the fill reportedly contained fine gold (Ross, 1933,
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figure 136. Placer cut in bench gravels, looking south across Valdez Creek 
from Denali. (Photo taken in 1946, courtesy of L.B. Kercher.)
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p. 450).  Scour-and-fill structures are prevalent in the lower part of 
the channel, but give way to evenly bedded material near the top. Num-
erous discontinuous layers of rounded or subrounded cobbles are present 
throughout the gravels. All detritus appears to be derived from the 
Valdez Creek drainage? there are no exotic lithologies to suggest that 
glacial debris from other drainages has been incorporated in the deposits.
The V-shaped cross section and large rounded boulders in the buried 
channel record a period of vigorous erosion, perhaps during an early 
Pleistocene interglacial stage. Downcutting during this time was to a 
base level near the present floor of the Susitna valley. A subsequent 
local raise in base level, probably due to an advance of the Susitna 
glacier, initiated a long period of aggradation during which the canyons 
were filled and surrounding benches covered by bedded fluvial gravels.
Within the gravels, a general absence of scour-and-fill structures ex-
cept in the deeper channels, distinct bedding, dips lower than 2°, and 
lack of bedding relation to the irregular bedrock surface all suggest 
moderate-energy deposition on a gentle alluvial plain. In view of their 
areal configuration parallel to the Valdez Creek valley and their inter-
nal character, the gravels are interpreted as a broad proglacial outwash 
deposit or valley train that formed be lew the stationary or retreating 
terminus of the Valdez Creek glacier. The western side of the aggrada- 
tional outwash plain was apparently bounded and obstructed by the Susitna 
glacier (see figure 64), deflecting the proglacial deposits southward 
along the mountain front.
A final advance and rapid retreat of the Valdez Creek glacier mantled 
the outwash plain with a thin, irregular ground moraine containing abundant 
Aguiar boulders of lithologies indigenous to the Valdez Creek basin. The
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moraine is rarely more than 10 feet thick, although locally its surface 
is undulatory and marked by numerous low ridges and potholes, whose 
vertical relief also is on the order of 10 feet. This heterogeneous unit, 
which makes up the present surface, is the greatest source of difficulty 
in obtaining seismic records frcm the area.
Valdez Creek, rejuvenated by a drop in base level when the Susitna 
glacier withdrew, began cutting the deep gorge through which it now 
flews —  approximately 20 feet lower than the floor of the ancestral creek, 
exposed in the Taimany cut (fig. 137).
SEISMIC REFRACTION STUDIES
Methods of Data Collection
Shallow seismic refraction measurements were made to aid in estimat-
ing the total volume of gravel on the Denali bench and to determine 
whether other buried channels, comparable to the Tammany, are incised 
into the bench nearer the mountains. The locations of the profiles are 
shewn on figure 135.
An Electro-Tech 12-channel portable refraction unit was used. The 
PRA-2-12 amplifier bank, SEW-100 oscillograph, and power supply were 
mounted in an enclosed, tracked vehicle, providing off-road capability 
in locating the profiles. Twelve 4.5-cps geophones (EUS-8) were placed 
at 50-foot intervals along all spreads.
In order to minimize near-surface velocity variations in thawed 
swamps and morainal debris, the data were recorded in late May, before 
active-zone ground ice had thawed below a few inches. Almost all the 
geophones were emplaced directly in the frozen surface layer. A
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Figure 137. Gorge through which present Valdez Creek flows. View west.
Rejuvenation of this stream was probably in response to 
withdrawal of Susitna Glacier and consequent lowering of 
base level.
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satisfactory acoustic coupling was obtained by similarly placing all 
shots in holes dug into the frozen layer or in shallow ponds on the 
frozen surface. One to eight sticks of standard 40 percent dynamite 
were used, depending on record quality and offset distance to the spread.
All profiles were reversed and, with the exception of profile V, were 
shot at least twice in the same direction from different offsets; this 
technique provided the necessary redundancy for establishing bedrock 
velocities and local departures from linear time-distance curves.
Wherever possible, as at the west end of profiles I and II, shots 
were placed directly on bedrock in old placer cuts, thus allowing a 
direct comparison of computed and actual thicknesses. Two drill holes ,.,\\
(fig. 135) provide additional control on interpretations.
Ktf; : :
Interpretation
Time-distance curves and geologic sections inferred fran the curves 
are shown in figures 138 to 141. On all reversed profiles permitting a 
good estimate of suballuvial velocities, the standard time-intercept 
method (discussed by Dabrin, 1960, p. 82) was applied to establish the 
planar bedrock model shewn. Only the innermost data between shot points 
were utilized in these computations; redundant data from greater offsets 
were used merely to check suballuvial velocities and local variations 
fran the linear model. After the data were corrected for surface topo-
graphy (plotted only on inner data actually used), all departures from 
a linear travel-tine curve were interpreted as variations of the bedrock 
surface. These are shewn as undulations in the basic planar models.
Ch profile II and the end spreads of profile I, the data do not per- 















F luvial Gravels with Morainal Veneer
P h y llit ic  A rg il l it e
D r ill hole depth
projected to se ct ion ;










































SONO03SIT1IW 13 3 3
igure 139. Time-distance curves and cross-sections, Profiles II and V















using the method of differences (Jakosky, 1961, p. 725), corrected for 
appropriate critical propagation angles. The solutions so obtained 
accord well with the adjacent planar solutions.
Seismic velocities in unfrozen portions of the gravel blanket ranged 
fran 3,000 to 3,800 fps. The presence of a thin frozen layer complicates 
to sane extent the choice of a representative velocity for the gravels 
and creates a corresponding element of anbiguity in the interpretations.
In water-saturated swamp material, the first energy arrived at a velocity 
characteristic of the frozen surface —  6,300 fps in the center of pro-
file III. However, in the better drained areas, as along profile I, the 
frozen layer velocities ranged from 3,500 to 5,000 fps, depending on con-
tent of ground ice. An average lower velocity of 3,500 fps was observed 
along all profiles except in well-drained areas in the extreme south; 
this is interpreted as characteristic of the thawed ground. Computational 
models obtained assuming this velocity are in reasonable agreement with 
drill-hole data (M. Wall and L. Kercher, personal ccmmun., 1969) and with 
bedrock exposed in the cuts.
The ambiguity arises in the center of profile III, where the velo-
cities in the frozen surface cannot be distinguished from those that 
permafrost would produce. If the gravels were entirely frozen, the solu-
tion would require tire bedrock to be deeper than shown in order to satisfy 
the higher velocity, thus doubling the total amount of gravel estimated 
for this part of the bench. However, several lines of evidence suggest 
that permafrost is not present here; (1) solutions which use the high 
apparent surface velocity place bedrock much deeper than drill-hole data 
indicate, (2) no time differential occurs between the area of possible
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permafrost and the thawed material (.velocity 3,500 fps) near the west 
end of profile III, (3) similarly, no change of bedrock velocity is 
observed between the area in question and the thawed region, and (4) the 
center of the profile is relatively dry between rainfalls in late summer, 
but a permafrost lens would probably contribute meltwater throughout the 
dry season. In view of these observations, interpretations in the center 
of profile III are based on a gravel velocity of 3,500 fps.
Any further attempts to apply seismic methods to the bench gravels, 
as for example in support of an exploration program, should include a 
comprehensive evaluation of surface velocities. This could be done with 
a portable seismic unit in late summer, after seasonal ground ice has 
melted. With the resulting velocity control at hand, a very accurate 
compilation of bedrock configuration might be obtained losing the tech-
niques and timing of this investigation.
The inferred geologic sections show that the Denali bench is a rela-
tively smooth bedrock surface. Its relief is characterized by gentle 
undulations and shallow depressions, rather than deeply incised channels 
such as the Tarrmany. Deposits are thickest along the Dry Creek cut. 
Profiles I and II reveal that mining operations in the cut did not extend 
to the edge of the buried channel; a considerable volume of channel fill 
still remains at this location. The seismic data indicate that elsewhere 
on the bench the thickness of the gravel blanket ranges frcm 45 feet in 
the north to near 75 feet in the south. These figures are in good agree- 
It'ent with thicknesses observed along the Valdez Creek gorge and with data 
frcm the drill holes.
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POTENTIAL RESOURCE VALUE
In describing the older workings, Ross (1933, p, 451) reported that 
by 1931 placer operations in the Tanmany Channel had processed approxi-
mately 500,000 cubic yards of material, yielding some 6,750 ounces of 
gold ($236,000 at $35 per ounce). The average value for all gravel, 
including the bedrock concentration, was about $1.10 per cubic yard (at 
$35 per ounce) . Ross also reported that on the south side of Valdez 
Creek, downstream from Denali, 100,000 cubic yards of bench material 
yielded 2,850 ounces of gold, excluding that in the sluice boxes at the 
tire of his examination. His estimate of bulk value, recomputed at $35 
per ounce, is near $1.20 per cubic yard.
More recent estimates have been made for the gravels near Peters 
Creek (see fig. 135). There, complete panning of a vertical channel 
sample, totaling about 16 cubic yards, gave an average value of 50 cents 
per cubic yard, with little variation throughout the blanket (L. B.
Kercher, personal ccmmun., 1969) .
Data from a drill hole to bedrock near profile III suggested also 
that gold is distributed uniformly in the gravels and averages about $1.27 
per cubic yard, although seme allowance should be made for inadvertent 
"salting" in the open hole (M.J. Wall and L.B. Kercher, personal commun., 
1969).
During the present investigation, numerous small samples were panned 
from various vertical cutbanks in the gravels. Small amounts of gold, 
visible to the eye, were found in all of these samples except those taken 
at the very top of the gravel blanket. However the samples were too small 
to enable an estimate of bulk value. They do, however, verify the exten-
sive distribution of gold throughout the gravels.
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A conservative estimate of total value nay be extended to the 
entire blanket by using the lowest bulk value mentioned above and the 
minimum indicated dimensions of the gravel deposit. Figure 135 shows 
that the blanket covers an area of at least 3,000 by 7,000 feet, and 
seismic measurements suggest a minimum thickness of 45 feet. Thus, at 
least 35 million cubic yards of auriferous detritus may cover the Denali 
bench. At 50 cents per cubic yard, the Denali bench gravels would have 
a resource value of over $17 million. This figure, based on physical 
measurements and sample data from a small area near previous placer 
mining, must be considered an estimate of potential value. Further 
exploration is needed to verify that the bulk values reported here are 
representative of the entire gravel deposit.
240
REFERENCES CITED
Blake, M. C., Jr., Irwin, W. P., and Coleman, R. G., 1967, Upside-down 
metamorphic zoration, blueschist facies, along a regional thrust 
in California and Oregon in Geological Survey Research 1967: Prof. 
Paper 575-C, pp. C1-C9.
Blanchard, R., 1968, Interpretation of leached outcrops: Nev. Bur. Mines 
Bulletin 66, 196 p.
Bend, G.C., 1965, Bedrock geology of the Gulkana glacier area, Alaska 
Range: M.S. Thesis, Univ. of Alaska, 45 p.
Chapin, Theodore, 1918, The Nelchina-Susitna region, Alaska: U.S. Geol. 
Survey Bulletin 668, 67 p.
Cohen, A. C., 1957, Simplified estimations for the normal distribution 
when samples are singly censured or truncated: Technometrics, v. 1, 
no. 3, pp. 217-237.
_________ , 1961, Tables for maximum likelihood estimates; singly trun-
cated and singly censured samples: Technometrics, v. 3, no. 4, 
pp. 535-541.
Coleman, J. M. and Gagliano, S. M., 1965, Sedimentary structures; 
Mississippi River Deltaic Plain: Soc. Econ. Pal. and Min. Spec.
Pub., No. 12, pp. 133-148.
Ebbrin, M. B., 1960, Introduction to geophysical prospecting: New York, 
McGraw-Hill Bock Co., 446 p.
Erickson, R. L., Van Sickle, E. H., Nakagawa, H.M., McCarthy, J. H., Jr., 
and Leong, K. W., 1966, Gold geochemical anomaly in the Cortez 
district, Nevada; U.S. Geol. Survey Circular 534, 9 p.
Eolk, R. l ., 1959, Practical petrographic classification of limestone;
Am. Assoc. Petroleum Geologists Bull., v. 43, pp. 1-38.
241
Gates, G. 0*, and Gryc, G., 1963, Structure and tectonic history of
Alaska in Backbone of the Americas; Am. Assoc. Petroleum Geologists 
Mem. 2, pp. 264-277.
Glavinovich, P.S., 1967, Trace element copper distribution and areal 
geology in a portion of the Clearwater Mountains, Alaska; Univ.
Alaska Minerals Ind. Fesch. lab. Kept. #10, 55 p.
Hanson, L. G., 1965, Bedrock geology of the Rainbow Mountain area, Alaska 
Range, Alaska: Alaska Div. Mines and Min. Geol. Rept. 2, 82 p.
Hietanen, Anna, 1963, Idaho Batholith near Pierce and Bungalow, Clearwater 
County, Idaho: U.S. Geol. Survey Prof. Paper 344-D, pp. D1-D42.
Jakosky, J. J., 1961, Exploration geophysics: Newport Beach, Calif.,
Trija Publishing Co., 1195 p.
Jones, R. S., 1968, Gold in meteorites and in the earth's crust; U.S.
Geol. Survey Circ. 603, 4 p.
Kachadoorian, R., Hopkins, D. M., and Nichols, D. R., 1954, A preliminary 
report of geologic factors affecting highway construction in the 
area between the Susitna and Maclaren Rivers, Alaska: U.S. Geological 
Survey Open-file Rept., 74 p.
, Unpublished nap, legend, notes, and preliminary manuscript 
concerning surficial geology in the area between the Susitna and 
Maclaren Rivers, Alaska.
Kaufman, M.A., 1964, Geology and mineral deposits of the Denali-Maclaren 
River area, Alaska: Alaska Div. Mines and Min. Geologic Rept. no.
4, 15 p.
Lepeltier, C., 1969, A simplified statistical treatment of geochemical 
data by graphical representation; Econ. Geology, vol. 64, no. 5, 
pp. 538-550.
242
Lyons, J. B., 1955, Geology of the Hanover quadrangle, New Hampshire- 
Vermont: Bull. Geol. Soc. Amer., vol. 66, pp. 105-146.
MacKevett, E. M., Jr., 1965, Preliminary geologic map of the McCarthy 
C-6 quadrangle, Alaska: U.S. Geol. Survey Misc. Inv. Map 1-406.
Martin, G. G., 1926, Hie Mesozoic stratigraphy of Alaska: U.S. Geol.
Survey Bull. 776, pp. 38-39.
Miesch, A. T., 1963, Distribution of elements in Colorado Plateau uranium 
deposits —  a preliminary report: U.S. Geol. Survey Bull 1147-E, 
pp. E1-E57.
_________, 1967, Methods of computation for estimating geochemical
abundance: U.S. Geol. Survey Prof. Paper 574-B, pp. B1-B15.
Moffit, F. H., 1912, Headwater regions of Gulkana and Susitna Rivers, 
Alaska: U.S. Geol. Survey Bull. 498, 81 p.
Moffit, F. H., and Pogue, J. B., 1915, The Broad Pass Region, Alaska:
U. S. Geol. Survey Bull., 608, 80 p.
Nockolds, S. R., 1954, Average chemical car-position of sore igneous 
rocks: Bull. Geol. Soc. of America, v. 65, pp. 1007-1032.
Ragan, D. M., and Hawkins, J. W., 1964, Relict chamokitic rocks, grano- 
lite facies gneisses and migmatites in a polymetamorphic complex, 
Gulkana Glacier region, eastern Alaska Range: Part 1, Structure:
Geol. Soc. Amer. program for Cordilleran Section ireeting, p. 52.
test, N., 1965, Nucleation and growth of metamorphic minerals in Controls 
of Metamorphism (Eds, W. S. Pitcher and G. S. Flinn): Edinburgh, 
Oliver and Bcyd.
Richardson, S. W., Gilbert, M. C., Bell, P. M., 1969, Experimental deter-
mination of kyanite-andalusite and andalusite-silliiranite equilibria; 
the aluminum silicate triple point: Am. Jour. Science, vol. 267, 
pp. 259-270.
243
Rose, A. W., 1966a, Geology of a part of the Amphitheatre Mountains, Mt. 
Hayes Quadrangle, Alaska: Alaska Div. Mines and Minerals Geol.
Report 19, 12 p.
__________r 1966b, Geological and geochemical investigations in the Eureka
Creek and Rainy Creek areas, Mt. Hayes Quadrangle, Alaska: Alaska 
Div. Mines and Minerals Geologic Rept. no. 20, 36p.
Ross, C. P., 1933, The Valdez Creek mining district, Alaska: U.S. Geol.
Survey Bulletin 849-H, pp. 435-467.
Shapiro, L., and Brannock, W. W., 1962, Rapid analysis of silicate, 
carbonate, and phosphate rocks: U.S. Geol. Survey Bull. 1144-A, 
p. A1-A56.
Shaw, D. M., 1954, Trace elements in pelitic rocks. Part I: Variation 
during metamorphism. Part II: Geochemical relations: Bull. Geol.
Soc. Amer., v. 65, pp. 1151-1182.
Sleitmons, D. B., 1962, Determination of volcanic and plutcnic plagioclases 
using a three- or four-axis universal stage: Geol. Soc. America 
Special Paper 69, 64 p.
Smith, N. D., 1968, Cyclic sedimentation in a Silurian intertidal sequence 
in eastern Pennsylvania: Jour. Sed. Petrology, v. 38, pp. 1301-1314.
Spry, Alan, 1969, Metamorphic textures: New York, Pergamon Press, 350 p.
Stout, J. H., 1965, Bedrock geology between Rainy Creek and the Denali
Fault, Eastern Alaska Range, Alaska: M.S. thesis, Univ. of Alaska, 75 p.
Streckeisen, Albert L., 1967, Classification and nomenclature of igneous 
rocks: Neues Jahrbuch ftir Mineralogie, B. 107* A2, pp. 144-214.
Surdam, R. C., 1968, Origin of native copper and hematite in the Karmutsen 
Group, Vancouver Island, B. C.: Econ. Geology, V. 63, no. 8, pp. 961-966
244
Thompson, J. B., 1957, The graphical analysis of mineral assemblages in 
pelitic schists: Am. Mineralogist, vol. 42, pp. 842-848.
Thcnnpson, J. B., Robinson, P., Clifford, T. N., and Trask, N. J., Jr.,
1968, Nappes and gneiss dones in west-central New England in Studies 
of Appalachian geology: Northern and maritime: New York, Interscience 
Publishers, pp. 203-218.
Tuck, Ralph, 1938, The Valdez Creek mining district, Alaska, in 1936:
U. S. Geol. Survey Bull. 897-B, pp. 108-131.
Turner, F. J., 1968, Metamorphic petrology, Mineralogical and field 
aspects: New York, McGraw-Hill, 403 p.
Vlasov, K. A. (ed.), 1966, Geochemistry of rare elements, vol. I: Israel 
program for scientific translations, Jerusalem. Translated frcm 
Russian by Z. Lenten.
Wahrhaftig, C., and Cox, Allan, 1959, Rock glaciers in the Alaska Range: 
Bull. Geol. Soc. America, v. 70, pp. 346-383.
Waters, A. C., 1955, Volcanic rocks and the tectonic cycle in The Crust 
of the Earth: Geol. Soc. America Special Paper 62, pp. 704-722.
Winkler, H. G. F., 1967, Petrogenesis of metamorphic rocks: New York,
I&ylor, S. R., 1964, Abundance of chemical elements in the earth's crust:
Geochbm. et Cosmochim. Acta, vol. 28, pp. 1280-1281.
Springer-Verlag, 237 p.
APPENDIX I




Explanation of Appendix I
The semiquantitative spectrographic data in this appendix have been 
processed by a computer program known as GEOSUM. The GEOSUM program was
written for the purpose of summarizing and tabulating geochemical data--
in particular the semiquantitative spectrographic analyses by laboratories 
of the U.S. Geological Survey.
Hie program provides (1) a tabulation of the analyses, (2) histograms 
and cumulative frequency distributions for all elements, and (3) a statis-
tical summary including geometric means and deviations.
The tabulated analyses are given in values such as 5.000 ppm, 10.0000 
percent, etc., or as qualified values such as 2.5000 L. The letter codes 
are N = not detected, L = less than specified limit of detection, G = 
greater than value shown, B = no data, and H = interference. The right-
most zero digits for each analytical value may or may not be significant.
Specified limits of detection are as :follows:
Fe PCT Mg PCT Ca PCT Ti PCT Mn PPM Ag PPM As PPM
0.0500 0.0200 0.0500 0.0020 10.0000 0.5000 200.0000
Au PPM B PPM Ba PPM Be PPM Bi PPM Co PPM Cr PPM
10.0000 10.0000 20.0000 1.0000 10.0000 5.0000 5.0000
Cu PPM La PPM Mo PPM Nb PPM Ni PPM Pb PPM Sb PPM
5.0000 20.0000 5.0000 10.0000 5.0000 10.0000 100.0000




10.0000 100.0000 10.0000 50.0000 10.0000 200.0000
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Semiquantitative spectrographic analyses by the U.S. Geological Survey 
are reported as geometric midpoints (1.0, 0.7, 0.5, 0.3, 0.2, 0.15, 0.1, 
etc.) of geometric brackets having the limits 1.2, 0.83, 0.56, 0.38, 0.26, 
0.18, 0.12, 0.083, etc. The frequency distributions and histograms are 
on logarithmic scales and are computed using these brackets as class 
intervals. For example, a reported value of 1.0 is between the limits 
0.83 and 1.2.
On the histograms, decimal numbers are shown as powers of 10. A 
listed value of 7.0E-01 means 7.0 x 10-1 or 0.7. Similarly, 7.0 E 03
3
means 7.0 x 10 or 7000.0, etc. The histogram bars are constructed of X's, 
each of which represents 1 percent of the total number of samples.
The histograms and statistics given with them are computed from stated 
analytical values in the data. Hie histograms are, therefore, somewhat 
incomplete and are biased if data qualified with N, L, G, B, or H codes 
are present. Statistical estimates unbiased in this manner are given at 
the end of the appendix. The geometric mean is the antilog of the arith-
metic mean of the logs of the analyses and represents a "central tendency" 
of a population that is nearly symmetrical on a log scale. It is there-
fore useful for characterizing many geochemical distributions, though it 
is not a rigorous statement of geochemical abundance. The geometric devia-
tion is the antilog of the standard deviation of the logs of the analyses. 
The reader is referred to USGS Professional Paper 574-B and USGS Bulletin 
1147E for further discussion and explanation.
In the statistical summary at the end of the appendix, and where 
data are qualified with the codes N, L, or G, the estimates of geometric 
roean and deviation are based on a method developed by A. J. Cohen for 
treating censored distributions. (See USGS Professional Paper 574-B).
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The estimates are unbiased in a rigorous sense only where the data are 
derived from a lognormal parent population. Experiments have shewn, 
however, that large departures from this constraint may not greatly 
invalidate the results. Acceptance and use of the estimates, however, 
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101 n . n M s n . n n o n 0.0 to s o n . n o o n 300.0000
102 o .  n N 30. o n n n n .  n to 3n n . o o  o r > 700.0000
103 n . n W 3n . n o o n n . o to 300.0000 700.0000
104 n . o to s o . n o o n n . o to i s o o . n o o o 500.0000
105 n . o N 3n . o n n n f t .  n to s o n . o o o o 700.0000
106 n . n to 30. o n n n 0.0 to s o n . o o o o 700.0000
107 n . n N 3n . o n n n 0.0 to 700.0000 700.0000
108 n . n to 70. n o o n 0.0 to 300.0000 700.0000
109 n . n N 30. o n n n 0.0 m 300.0000 I S O . o o o o
110 n . n m 30. o n n n 0.0 to 700.0000 700.0000
111 n . n to 3n . n o o n 0.0 to 700.0000 700.0000
112 n . n to s o . o n n n n . o to 300.0000 700.0000
113 n . n to s o . o n n n 0.0 to s o n . o o o o 700.0000
114 n . n to s o . n o o n 0.0 to s o n . o o o o 300.0000
115 n . n to 30. n o n o 0.0 to 300.0000 300.0000
116 n . n to 70.0000 0.0 to 300.0000 300.0000
117 n . n to s n . n n o n 0.0 to s o n . o o o o 300.0000
118 n . n to s o . o n n n o . o to s o n . o o o o 700.0000
119 n . o to 30. n o o n 0.0 m s o n . o o o o 700.0000
120 n . n to 3n . n o o n o . O to s o n . n o o n 700.0000
121 n . n to 30.0000 0.0 to 700.0000 700.0000
122 n . n m 70. n o o n 0.0 to s o n . o o o o 700.0000
123 n . n to 3n . o n n n 0.0 m l s o . n o o n 700.0000
124 n . n to s o . o n n n 0.0 to 300.0000 s o n . o o o o
125 n . n to s n . n n o n 0.0 to 300.0000 500.0000
126 n . n to s o . n o o n n . o to 300.0000 700.0000
127 n . n to 7o . n n n o 0.0 to 300.0000 f t o o . o n o o
128 n . n N 3n . n o o n 0.0 to 300.0000 700.0000
129 n . n to 70.0000 0.0 m 700.0000 150.0000
130 n . n to 50.0000 0.0 m i s n o . o n o o s o n . o o o o
131 n . n to 70.0000 0.0 to 1500.0000 300.0000
132 n . n m 30. n o o n 0.0 m s o n . o o o o 300.0000
133 n . n to 70.0000 0.0 to 500.0000 700.0000
134 n . n to 30. n o o n 0.0 to 300.0000 700.0000
135 n . n to s n . n n o n 0.0 m 300.0000 700.0000
136 n . n to s n . n n o n 0.0 to 300.0000 300.0000
137 n . n m s n . n n o n n . o m 700.0000 700.0000
138 n . n to s o . n o o n 0.0 m 300.0000 300.0000
139 n . n to 70. n o o n 0.0 to 100.0000 700.0000
140 n . n m s o . n o o n 0.0 m 700.0000 s o n . n o o n
141 n . n to s o . n o o n 0.0 N 300.0000 700.0000
142 n . n w s o . n o o n 0.0 to 300.0000 700.0000
143 n . n to 30.0000 0.0 w 300.0000 700.0000
144 n . n m s o . n o o n 0.0 to 300.0000 700.0000
145 n . n to s n . n n o n 0.0 to 300.0000 300.0000
146 n . n to 30.0000 n . o to 300.0000 700. O O O O
147 n . n to 30.0000 0.0 to 700.0000 700.0000
148 0.0 to 70. n o o n n .  o N 700.0000 500.0000
149 n . o m 70 . n o o n 0.0 m s o n .  n o o n 300.0000
150 n . n N 70.0000 0.0 to 1000.0000 s o n . o o o o
. A L A S K A
w PPM Y PPM Z to PPM ZR PPM
n. o to 30.0000 0.0 N 100.0000
0.0 to 30.0000 o .o N 100.oooo
0.0 to 30.0000 0.0 N 100.0000
0.0 to 20.0000 0.0 N 70.0000
0.0 N 20.0000 n.o N 70.0000
0.0 to 30.0000 0.0 N 100.0000
0.0 to 20.0000 0.0 N 100.0000
0.0 to 15.0000 0.0 N 50.0000
0.0 N 30.0000 n.o to 100.0000
0.0 to 30.0000 o .o N 100.oooo
0.0 to 20.0000 0.0 N 150.0000
0.0 to 50.0000 0.0 N 700.OOOO
0.0 to 50.0000 0.0 to 100.0000
0.0 to 50.0000 0.0 to 100.0000
0.0 N 20.0000 0.0 to 100.0000
0.0 to 20.0000 O.o N 70 .OOOO
0.0 N 30.0000 0.0 to 100.0000
0.0 to 30.0000 0.0 to 100.0000
0.0 to 20.0000 0.0 to 70.0000
0.0 to 20.0000 0.0 to 70 .oono
n.o to 30.0000 0.0 to 70.0000
o .o to 20.0000 0.0 to 70.0000
o .o N 20.0000 0.0 to 70.0000
0.0 to 50.0000 0.0 to 100.oooo
0.0 to 30.0000 n.o to 100.0000
0.0 to 30.0000 0.0 to inn.oooo
n.o to 30.0000 100.0000L 150.0000
0.0 to 30.0000 0.0 to 100.0000
0.0 to 30.0000 0.0 to 100.0000
0.0 m 30.0000 0.0 N 50 .OOOO
0.0 N 20.0000 0.0 to 50.0000
0.0 to 50.0000 0.0 N 100.0000
0.0 to 30.0000 0.0 N 70.0000
0.0 to 30.0000 0.0 N 70.0000
0.0 to 50.0000 0.0 to 100.0000
0.0 to 50.0000 0.0 N 150.0000
0.0 to 50.0000 0.0 to 100.0000
0.0 to 30.0000 n.o N 1 00.0000
0.0 m 15.0000 n.o N 50.0000
0.0 to 50.0000 n.o to 100.0000
0.0 to 50.0000 0.0 N 100.0000
0.0 m 30.0000 0.0 N 100.oooo
0.0 to 30.0000 0.0 to 100.0000
0.0 to 30.0000 0.0 to 100.oooo
0.0 N 30.0000 0.0 N 100.0000
0.0 to 30.0000 0.0 N 100.oooo
0.0 N 20.0000 0.0 N 100.0000
0.0 to 30.0000 n.o N 50.0000
0.0 N 20.0000 0.0 to 30.0000
0.0 to 30.0000 0.0 to 30.oono
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00 3*79 ItZ* l = NOIiV iA3U 













to 39* l 
x to 3o* i
ZO 30*Z 
XXXXX ZO 30*9
XXXXXXXXX Z0 30't 
XXXXXXXXXXXXXXXXXXXXXXX ZO 30 *Z 
XXXXXXXXXXXXXXXXXXXXXXXXXXXX ZO 39*1 
XXXXXXXXXXXXXXXXXXXXXXXXX ZO 30*1
XXXXXXXX 1[030*L
( WddHO )91Nwinooaiid wvayoi‘
00*0019*7*091Z1to3 H * 1_£U3 Z * l
99*66£6*091 Zzto3Z* l-d 03t*H
19*H69*7*0tiz1zo31 * y-do39*9
9 1 * W6£9**7Z1Z01zo39*9-dO3H*t
Z9*t6ow *wzoz61zo3 H * t-d 039 * Z
ZZ*9H69*tH l69zo39* Z-do3H* t
90*Z9*72*W<:9tl19zo3 H * 1-do3 Z * l
OH * tt00* ±dtz99zo3Z* 1-103t*y
OH *HLU" L61Zl103fy-1039*9
t6 * 09*7* 0zl1039*9-103 y * t
99*09*7 "0l1103 y * t-103 9 * Z
0*00*0001039 * Z-lo3 y * l
0*00*000103 H * I-103 Z * I




iN30H3dINdOb-MOdMd03 H 3SI I wl1
( Wdd nj ) dlNWII IUD HlJd 31«V1 A'JlMdllUdWd
f- ‘-t FOl IFrbsr.Y T  A <3Le f o «  c o l i imi i ■> r c»» PPM >
■ »_ IMI TS FR FO FR FO PERCFMT PFRCFNT
LOWFR — 1IPPFR Cl JM FP FO FRFQ CUM^ . « f  on ~ **.<SF OO o n 0.0 0.0nr) ~ 8.3F 00 n n 0.0 0.0
8.38 no ~ 1 .? F 01 o 0 0.0 0.0
l . ?F 01 ~ l .HF 01 s s ? .33 2.33l . PF  01 ~ ?.6F 01 P I 3 P 17.5ft 14. R8
?.6F 01 ~ 3.RF 01 29 ftl 13.49 7P.37
3.PF 01 ~ S.ftF 01 60 121 77.91 5ft.?R
S.6F Ol - P.3F 01 30 1S1 13.95 70.23
F.3F 01 “ 1.2F 0? 40 191 18. 60 08.84
1 .?F Cl? ~ l .PF 0? IP 209 H.37 97.21l .RF Cl? ~ 7.ftF 02 4 213 1 .Pft 99.07
2.ftF 0? “ 3.PF 0? 0 213 0.0 99.07
3.8F 0? - S.ftF 02 0 213 0.0 99.07
S.ftF 0? ~ 8.3F 02 0 213 0.0 99.07
8.3F 0? - 1.2 F 03 1 214 0.47 99.63
1.7F 03 “ l .PF  03 0 214 0.0 99.53
l . PF  03 ~ 2.ftF 03 0 214 0.0 99.53
7 . ftF 03 “ 3.PF 03 0 214 0.0 99.53
3.8F 03 5 . ftF 03 1 21 S 0.47 100.00
HISTOGRAM f o r COLUMN IS ( cu PPM )
1 .SF 01 XX
? . 0 F 01 xxxxxxxxxxxxx
3 . OF 01 xxxxxxxxxxxxx
5 . OF 01 XXXXXXXXXXXXXXXXXXXXXXXxxxxx
7 . OF 01 xxxxxxxxxxxxxx
l .OE 0? xxxxxxxxxxxxxxxxxxx
1.5E 0? xxxxxxxx
7 . OF O P XX
3.0E O P
ft.OE Cl?
7 .OF o p
1 .OE 03
1 .SF 0 3
7 . OF 0 3
3 . OF 03
6 . OF 03










. X. ■' ■ » ••• -•:...•*•*"*..• •




oo dasi9£*i = NuiJ.»iA3Q oiaiawiidy 
10 dAZ£S£*z = N\?aw oiaidwodo 
10 300000*Z = witWINlw
zo 300000*1 = wnwixvw
IVOUAIVNV
x zo 30*1
X 10 30* A 
XXX 10 30*5 
XXXXXXXXXXXXXXXXXXX 10 30*£ 
XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 10 ao*z
( WddV 3 ) 91NWII1D0aud wvaaoiSiH
A5*va66*0AaiZZO3 Z * I- 10 3£*a
S9*Sa6£* lsal£10d£*a- 10 39*5
9Z*9 a9Z*£zaiA1039*5- 10 3a*£
zo*ia99*61SAlZ9103a*£- 10 3 9 * A
AS * l 9A S * l V££I££ l1039 * Z1CU.or•
wno osad03a=iWHOadddll- adrtOl
AN30addANdoaaa03 5303 53SI 1 hi 11
1dd VI ) VII'JWinO'J HUd d'lHVl A'J HdllOddd
F W F OI J F W C Y  T A B L E  F DR  C O L U M N 1 7  ( Mf )  P P M  )
L I M I T S F R E O FRFC) p e r c e n t P E R C E N T
L O W E R  - U P P E R C u m F R  F O F R E O  C U M
A . A F o n  - 5 .  6 F 0 0 A A A .  7 0 3 . 7 0
5 . 6 F o n  - R .  3 E 0 0 1 9 0 . 4 f t 4 . 1 7
A . 3  E o n  - 1 . 7 F 0 1 A 1 ? 1 .  A 9 5 . 5 6
H I S T O G R A M  F O R  C O L U M N 1 7  ( M O  P P M  )
5 . O F  0 0  X X X X
7 . 0 E  0 0
1 . O F  0 ]  X
N
? o n  
9 ? . 5 9
L
4








A N A L Y T I C A L
G  V A L U E S  
0  I P  
0 . 0
M A X I M U M  = 1.OOOOOF 0 1
M I N I M U M  = 5 . 0 0 0 0 0 E 0 0
g f o m f t r  I f . M F A N  =  6 . 1 1 5 1  I F  0 0








00 ^U67’I = NtJliVlAdCJ 'JlaidwUd'J
10 3B2£99* I = NVdW 'JI aAdWLHt) 
10 300000*1 = wllWINlW













X X X X X X X X X X X X X X
xxx:XXXXXX1030* l




£1*260*06610103£ * a-10 39*s.
El-26£6*0661103 9*3-lo da*£
02*16BA* 2£61910da*£-10 39*2
£VBB0£ * 121619 *71039*2-lo da *1
£1*A 99S>*0£9910da* I-10 32*l
AS.*9£A3 *9£6/.6 L1032*1-00 d £ *a
wirjOdadOdadWII'JBdddl1 -adMin
-LNd'jaddXNdDbddOdbdodadSJL 1 Wi 1
t WdrfH rl ) U<t «\» wr iTOOaud 3 1H VIa jivdnod rtd
F-RFOUFNC.Y TARLF FOR C O L U M N  pj ( S B
F R F O U F N O Y  T A B L E  F OR  C O L U M N ? ?  ( SC P P M  )
LIM I T S F R F O F R F O P F R C F N T P  F  R C  F  N  T
l m w f r  - U P P E R C MM F R F O F R F O  C U M
3 . 8 F 0 0  - 5 . ftF 0 0 0 0 0.0 0.0
5 .  ftF 0 0  - «  . 7 F 0 0 0 n 0 . 0 0. 0
F . 3 F 0 0  - 1 . 7 F 0 1 1 1 0 . 4 f t 0 . 4 f t
1 . 7 F 0 1  - l . R F 01 7 3 0 . 4 3 1 . 3 9
1 . 8  F 0 1  - 7 . ftF 0 1 Aft 4 9 7 1  . 3 0 7 7  . ft9
7 . ftF 0 1  - 3 . H F 01 7 A 1 7 3 3 4 . 7 f t 5 f t . 9 4
3 . R F O i  - 5 . ftF 0 1 S O 7 0 3 3 7 . 0 4 9 3 . 9 8
5  . f cF 01  - H . T F 0 1 1 1 7 1 4 5 . 0 4 9 9 .  r »7
H . 3 F 0 1  - 1 . ? F 0 7 7 7 1 f t 0 . 4 3 1 0 0 . 0 0
H I S T O G R A M  F O R C O L U M N 7 ?  ( S C P P M  )
i . s e ni  x
7 . o e ni  xxxxxxxxxxxxxxxxxxxxx
3 . of  01 xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx
S.OE 01 xxxxxx xx xx xx xx xx xx xxx xx xx xx xx xx xx xx xx
7 . o f  01 XXXXX 
l .OE 07 X
MAXIMUM = 1.00000E 07
MINIMUM = l.OOOOOF 01 
GEOMETRIC M E A N  = T.Aft99RF 01 
GEOMETRIC DF V I AT I PIN = l . S 1 ^ 7 0 F  00
288
NHlilU'J UUd dlttVl A’JNdflOdttd
LIMITS FRFO FRFO PERCENT PFRCFNT
LOWER -  UPPER CUM FRFO FRFO CUM
R.3F  01 - l . R F  07 1 1 0.46 0.46
l . R F  0? - 1 .RF 0? 9 10 4 .17 4.63
l . R F  07 - R.6F  0? 37 47 17. 13 R1.76
R.6F 0? - 3.RF 0? SR 109 R6.RS 4R.61
3.RF 07 - S.6F  0? 47 i s ? R1.76 70.37
5.6F  0? - 8 .3F  07 36 1 HR 16.67 R7.04
R.3F  0? l . R F  03 RR RIO 10.19 9 7 . R?
l . R F  03 - l . R F  03 4 R]4 1 .RS 99.07
l . R F  03 R.6F 03 1 R1S 0.46 99.54
STOORAM FOR 1COLUMN 74 < SR PPM )
1.5E 07 XXXX
R. OF 0? XXXXXXXXXXXXXXXXX
3 . OF 07 xxxxxxxxxxxxxxxxxxx xxx XXXXX
5 . o f 07 xxxxxxxxxxxxxxxxxxxxxx
7 . OF 0? XXXXXXXXXXXXXXXXX
t .OF 03 xxxxxxxxxx
l . S E 03 XX
R.OE 03
N L H H T G
1 0 0 0 0 00.  A * c•c c•c c•c
maximum  = 7 . o o o o o f  0 3  
m in im u m  = i . o o o o o f  0 ? 
GFOMFTH1C MFAN = 4.0963SF O?




A N A L Y T I C A L




00 3lddiv*lIMIJ1 i V 1 A3U'J i HldwUdt)










xxxxxxxxx co go's, 
xxxxxxxxxxxxxxxxxxxxxxxxx CO 3o*£ 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx CO 3U-C
xxxxxx co 39*1
{ WddA  1  9dNwinoo *103 WWaOUiS
00*0019**09ldI£03d* IdO3£*a
<7 <.*66£6*091 dd103£*0dO39*9
l V*Kb9<! *6£ Ido cdO39*9do3a*£
££ * ba9v* <t<̂tbl99do3H*£dO39*d
ba*£ V♦76*993£ ltc 1do39 * ddo3a* i
•70*9<fu*99t£ ldO3a* ldo3d* l




9**09**Ui11039 * dlo3a* l
0*00#U00103a * llo3d* l
0*0o-u00103d* I003 £ * a
Wft'J 03M3CHHdMHOa3ddO -bdMU‘1
11330333iNjyadd03*1303*)3Si 1MI'1
( WdrtA ) 9dWWIIlUJa03 31a»iALTlVdf lOdH-
—
F R F L M I F n r . Y  T f l f l l .  F  F O R  r n m » M

















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































; r «  r r  s t  r  c a l 1 / 1 3 / 7 0
F L F M F W T M L H
F F PC. T 0 O O
MG P C  T 0 0 0
C A p e r 0 0 0
T I P C T 0 0 0
MN P P M 0 0 0
AT, P P M 1 8 2 4 0
A S P P M 0 0
A V P P M 2 1 5 0 0
R P P M l l f i 0
R A P P M 0 0 0
R F P P M 3 7 1 4 6 0
*1 P P M 2 1 5 0 0
C O P P M 2 0 0
C R P P M 0 0 0
C U P P M 0 0 0
L A P P M R 21 0
MO P P M 200 4 0
M R P P M 3 1 4 R 0
M I P P M 0 0 0
P R P P M 1 1 4 0
S R P P M 2 1 6 0 0
S C P P M 0 0 0
S M P P M 2 1 6 0 0
S R P P M 1 0 0
V P P M 0 0 0
W P P M 2 1 5 1 0
Y P P M 0 0 0
ZN P P M 2 0 4 11 0
ZR P P M 0 0 0
O F O M F T R  I C G F O M F T R I C
e l e me n t M E A N O F V I  A T  I  O N R F M A R *
F F P C T **#:*:#*## #ififififif 1
MG P C T 1 . R 6 2 5 5 0 1 . 5 3 2 1 6
r.A P C T 1 . 4 6 9 0 4 R l  . 6 1 2 1 6
T I P C T ifififififif if if if if if if if if 2
M N P P M ifififififif if if if if if if if if 1
A G P P M 0 . 1 5 3 0 2 R 2 . 2 9 1 R 6
A S P P M $ # fc £ # # # if if if if if if 2 1 5
A V p P M if. if if if * if ifif ifififififif 2 1 6
R P P M 2 6 . 7 9 1 1 9 9 2  . R 1 1 9
R A P P M 4 R 5 . 5 4 4 6 7 P 1 . 9 9 2 1 6
R F P P M if if if if if if if if ifififififif 1 8 ̂
H I P P M if * in if if if if if ifififififif 2 1 6
c n P P M 4 0 . 9 3 0 5 5 7 l  . 6 9 2
C R P P M 1 5 6 . 6 4 H 9 H 7 1. 7 R 2 1 6
c u P P M 5 6 . 2 0 5 1 7 0 2 . 0 9 2 1 6
L A P P M if if if if if if if *f if if it if if if 2 9
Vf) P P M if if if if if if if if ifififififif 2 0 4
M R P P M if-if if if if if if if if if if if if if 1
M I P P M 7 4 . f t ^ R 7 1 0 1 . 5 0 2 1 6
P R P P M 1 3 . 6 7 4 5 2 7 1 . 5 5 1 5
S R P P M if if if if if if if it if if if if if if 21 *
sr P P M 3 4 . < S P 9 7 6 R 1 . 5 1 2 1 6
S M P P M if if if if if if if if ifififififif ?1 6
A N A L Y T I C A L




GRFATFR THAN VALUES. NO COMPUT AT I HNS . 
SAMPI.FS ANO 71ft ANALYTICAL VALUES.
SAMPLES ANO 71ft ANALYTICAL VALUES.
THAN VALUFS. N() COMPUTATIONS.
THAN VALUFS. NO COMPUTATIONS.
LFSS THAN, OR TRACF VALUFS. 
LFSS THAN, OR TRACE VALUES. 
LFSS THAN, OR TRACF VALUES. 
LFSS THAN, OR TRACE VALUES. 
71ft ANALYTICAL VALUES.
LESS THAN, OR TRACE VALUES. 
LFSS THAN, OR TRACE VALUES. 
LFSS THAN, OR TRACF VALUFS. 
?lft  ANALYTICAL VALUES.
?]ft ANALYTICAL VALUFS.
LFSS THAN, OR TRACF VALUFS. 
LFSS THAN, OP TRACF VALUFS. 









1L FS ANO 
OETFCTFD,
AND
NUT nF T FC1 F n ,
71ft ANALYTICAL VALUFS.
LFSS THAN, OR TRACF VALUFS. 
LFSS THAN, OR TRACE VALUFS. 
?lft  ANAI.YTIC.AI VALUES.
LFSS THAN. OR TRACF VALUFS.
30 REPORTED VALUES.
1 REPORTED VALUES. NO 
0 REPORTED VALUES. NO 
197 REPORTED VALUES.
33 REPORTFD VALUES. NO 
0 REPORTED VALUES. NO 
714 REPORTED VALUES.
187 REPORTED VALUES. NO 
1? RFPORTFD VALUFS. NO
701 RFPORTFD VALUFS.
0 RFPORTFD VALUFS. NO

















No. Au Ag Cu As Hg Te W
1 L 0.02 0.6 56.0 N 10.0 0.09 L 0.2 N 20.0
2 L 0.02 0.6 30.0 N 10.0 0.07 L 0.2 N 20.0
3 L 0.02 0.6 28.0 N 10.0 0.06 L 0.2 N 20.0
4 L 0.02 0.8 42.0 N 10.0 0.013 L 0.2 N 20.0
5 L 0.02 0.4 52.0 N 10.0 0.10 L 0.2 N 20.0
6 L 0.02 1.2 94.0 N 10.0 0.21 L 0.2 N 20.0
7 L 0.02 0.8 32.0 N 10.0 0.08 L 0.2 N 20.0
8 L 0.02 0.8 72.0 N 10.0 0.09 L 0.2 N 20.0
9 L 0.02 1.0 90.0 N 10.0 0.11 L 0.2 N 20.0
10 L 0.02 1.0 110.0 N 10.0 0.18 L 0.2 N 20.0
11 L 0.02 0.8 68.0 N 10.0 0.13 L 0.2 N 20.0
12 L 0.02 0.8 62.0 N 10.0 0.08 L 0.2 N 20.0
13 L 0.02 1.0 82.0 N 10.0 0.09 L 0.2 N 20.0
14 L 0.02 1.0 92.0 N 10.0 0.11 L 0.2 N 20.0
15 L 0.02 0.8 72.0 N 10.0 0.06 L 0.2 N 20.0
16 L 0.02 1.0 100.0 N 10.0 0.11 L 0.2 N 20.0
17 L 0.02 1.2 120.0 N 10.0 0.14 L 0.2 N 20.0
18 L 0.02 1.0 68.0 N 10.0 0.09 L 0.2 N 20.0
19 L 0.02 0.8 54.0 N 10.0 0.55 L 0.2 N 20.0
20 L 0.02 0.8 74.0 N 10.0 0.20 L 0.2 N 20.0
21 L 0.02 1.0 82.0 N 10.0 0.16 H 0.8 N 20.0
L 0.02 0.8 44.0 N 10.0 0.28 L 0.2 N 20.0
22 L 0.02 0.6 38.0 N 10.0 0.24 H 0.4 N 20.0
23 L 0.02 1.0 68.0 N 10,0 0.30 L 0.2 N 20.0
24 L 0.02 0.6 40.0 N 10.0 0.18 L 0.2 N 20.0
302
Location
No. Au Ag Cu
26 L 0.02 0.4 24.0
27 L 0.02 0.4 32.0
28 L 0.02 0.6 34.0
29 L 0.02 0.6 40.0
30 L 0.02 0.6 56.0
31 L 0.02 0.8 48.0
32 L 0.02 0.6 40.0
33 0.02 0.8 58.0
34 L 0.02 — —
35 L 0.02 — —
36 L 0.02 0.4 42.0
37 0.02 0.8 46.0
38 L 0.02 0.6 44.0
39 L 0.02 — —
40 0 . 1 — —
41 L 0.02 0.4 32.0
42 L 0.02 0.6 52.0
43 L 0.02 0.4 22.0
44 0.20 0.6 28.0
45 0.02 1.2 40.0
46 L 0.02 0.6 32.0
47 0.02 0.6 30.0
48 L 0.02 0.8 42.0
49 L 0.02 0.8 38.0
50 L 0.02 0.6 32.0
As Hg Te W
N 10.0 0.14 L 0.2 N 20.0
N 10.0 0.04 L 0.2 N 20.0
N 10.0 0.11 L 0.2 N 20.0
N 10.0 0.13 L 0.2 N 20.0
N 10.0 0.20 H 0.3 N 20.0
N 10.0 0.11 L 0.2 N 20.0
N 10.0 0.26 L 0.2 N 20.0
N 10.0 0.28 H 0.4 N 20.0
— 0.04 L 0.2 —
— 0.04 L 0.2 —
N 10.0 0.14 L 0.2 N 20.0
N 10,0 0.20 L 0.2 N 20.0
N 10.0 0.14 L 0.2 N 20.0
— 0.05 L 0.2 —
— 0.04 — —
N 10.0 0.08 L 0.2 N 20.0
L 10.0 0.06 L 0.2 N 20.0
N 10.0 0.24 L 0.2 N 20.0
N 10.0 0.50 L 0.2 N 20.0
20.0 0.80 L 0.2 N 20.0
N 10.0 0.09 L 0.2 N 20.0
N 10.0 0.09 H 0.8 N 20.0
N 10.0 0.14 H 0.8 N 20.0
N 10.0 0.08 H 0.8 N 20.0
N 10,0 0.13 L 0.2 N 20.0
303
Location
No. Au Ag Cu
51 0.08 0.6 62.0
52 N 0.8 52.0
53 N — —
54 L 0.02 — —
55 L 0.02 — —
56 L 0.02 — —
57 N — —
58 0.50 1.0 58.0
59 L 0.02 0.8 56.0
60 L 0.02 0.8 64.0
61 1.70 0.8 120.0
62 L 0.02 1.0 68.0
63 L 0.02 0.8 54.0
64 L 0.02 0.4 38.0
65 L 0.02 0.6 46.0
66 L 0.02 1.0 64.0
67 0.1 — —
68 L 0.02 0.8 52.0
69 L 0.02 1.2 110.0
70 L 0.02 0.6 52.0
71 L 0.02 0.8 64.0
72 0.02 0.8 60.0
73 L 0.02 0.8 68.0
74 0.02 1.0 70.0
75 L 0.02 ____ _____
As Hg Te W
10.0 0.09 L 0.2 N 20.0
10.0 0.03
0.04
L 0.2 N 20.0
0.07 T 0.2L i
0.04 T 0.2L i
0.05 T 0.2L i
0.03
10.0 0.16 H 0.6 N 20.0
10.0 0.13 L 0.2 N 20.0
40.0 0.20 L 0.2 N 20.0
10.0 0.06 L 0.2 N 20.0
20.0 0.10 L 0.2 N 20.0
10.0 0.26 L 0.2 N 20.0
10.0 0.35 L 0.2 N 20.0
10.0 0.14 L 0.2 N 20.0
10.0 0.09 L 0.2 N 20.0
0.04 T 0.5JLi
10.0 0.13 L 0.2 N 20.0
60.0 0.22 H 0.4 N 20.0
10,0 0.11 L 0.2 N 20.0
10.0 0.20 L 0.2 N 20.0
10.0 0.13 H 0.6 N 20.0
30.0 0.08 H 0.3 N 20.0
60.0 0.30 H 1 . 0 N 20.0
_________ 0.03 0.2 N 20.0
304
Location
No. Au Ag Cu As Hg Te W
76 L 0.02 0.8 58.0 N 10.0 0.14 L 0.2 N 20.0
77 0.04 — — — 0.05 0.2 —
78 0.06 0.8 100.0 20.0 0.10 L 0.2 N 20.0
79 N — — — 0.04 — —
80 0.50 — — — 0.08 — ____
81 0.30 — — — 0.04 0.2 —
82 0.04 1.2 92.0 20.0 0.26 H 0.4 N 20.0
83 0.04 1.2 78.0 30.0 0.13 H 0.8 N 20.0
84 L 0.02 1.0 54.0 20.0 0.18 L 0.2 N 20.0
85 0.02 1.0 90.0 60.0 0.20 H 0.3 N 20.0
86 0.02 1.0 110.0 100.0 0.26 H 0.6 N 20.0
87 0.02 1.0 110.0 100.0 0.14 L 0.2 N 20.0
88 L 0.02 1.0 96.0 40.0 0.60 L 0.2 N 20.0
89 0.02 0.8 70.0 10.0 0.14 L 0.2 N 20.0
90 L 0.02 1.0 80.0 10.0 0.10 L 0.2 N 20.0
91 L 0.02 — — — 0.07 L 0.2 —
92 L 0.02 — — — 0.03 0.2 —
93 0.50 0.8 60.0 20.0 0.14 H 0.2 N 20.0
94 0.02 1.0 100.0 10.0 0.13 L 0.2 N 20.0
95 L 0.02 0.8 94.0 10.0 0.12 H 0.2 N 20.0
96 L 0.02 1.2 130.0 10.0 0.13 L 0.2 N 20.0
97 L 0.02 — — — 0.07 L 0.5 —
98 0.40 — — — 0.07 L 0.2 —
99 L 0.02 — — — 0.14 L 0.2 —
100 L 0.02 — — 0.18 L 0.2
305
Location
No. Au Ag Cu As Hg Te W
101 0.02 1.0 110.0 10.0 0.45 L 0.2 N 20.0
102 0.06 1.2 170.0 100.0 0.30 H 0.4 N 20.0
103 0.04 1.2 120.0 80.0 0.13 H 0.4 N 20.0
104 L 0.02 0.6 80.0 20.0 0.20 L 0.2 N 20.0
105 0.04 1.0 70.0 30.0 0.13 H 0.8 N 20.0
106 0.06 1.0 82.0 20.0 0.09 L 0.2 N 20.0
107 L 0.02 1.2 100.0 20.0 0.26 L 0.2 N 20.0
108 0.02 1.0 92.0 20.0 0.65 L 0.2 N 20.0
109 0.02 1.2 98.0 40.0 0.60 H 0.2 N 20.0
110 L 0.02 0.8 96.0 30.0 0.28 L 0.2 N 20.0
111 0.20 1.0 100.0 40.0 0.20 H 0.8 N 20.0
112 L 0.02 1.0 140.0 10.0 0.08 L 0.2 N 20.0
113 L 0.02 1.0 120.0 L 10.0 0.06 L 0.2 N 20.0
114 L 0.02 1.0 130.0 L 10.0 0.11 L 0.2 N 20.0
115 L 0.02 1.2 110.0 L 10.0 0.13 L 0.2 N 20.0
116 L 0.02 1.0 110.0 10.0 0.24 L 0.2 N 20.0
117 0.02 1.2 120.0 10.0 0.50 L 0.2 N 20.0
1.0 140.0 10.0 L 0.2 N 20.0
118 L 0.02 1.2 140.0 20.0 0.60 H 0.8 N 20.0
119 L 0.02 1.2 130.0 20.0 0.50 H 0.6 N 20.0
120 0.02 1.0 110.0 10.0 0.45 H 0.2 N 20.0
121 0.02 0.6 62.0 20.0 0.18 L 0.2 N 20.0
122 0.06 1.0 82.0 20.0 0.70 H 0.4 N 20.0
123 L 0.02 1.2 100.0 60.0 0.35 L 0.2 N 20.0
124 L 0.02 1.4 160.0 N 10.0 0.26 H 0.4 N 20.0
125 L 0.02 1.6 180.0 N 10.0 0.14 L 0.2 N 20.0
SMlif
Location
No. Au Ag Cu As Hg Te
126 L 0.02 1.0 94.0 L 10.0 0.24 L 0.2
127 L 0.02 — — — 0.08 L 0.2
128 L 0.02 1.0 78.0 10.0 0.22 H 1.0
129 L 0.02 1.0 110.0 20.0 0.30 H 0.8
130 L 0.02 0.8 86.0 L 10.0 0.20 H 0.4
131 0.02 0.8 100.0 L 10.0 0.16 L 0.2
132 0.06 0.8 74.0 30.0 0.22 L 0.2
133 L 0.02 0.8 84.0 30.0 0.20 L 0.2
134 0.04 1.0 80.0 30.0 0.26 L 0.2
135 0.04 1.0 100.0 30.0 0.26 L 0.2
136 0.02 1.0 100.0 20.0 0.55 L 0.2
137 L 0.02 1.2 96.0 L 10.0 0.40 H 0.5
138 L 0.02 1.2 160.0 10.0 0.45 H 0.4
139 L 0.02 1.2 160.0 30.0 0.02 H 0.2
140 0.02 1.0 240.0 N 10.0 0.90 H 0.6
141 0.02 1.2 100.0 10.0 0.22 H 0.8
142 L 0.02 1.2 94.0 10.0 0.40 H 0.8
143 0.08 1.2 100.0 10.0 0.22 H 1.0
144 L 0.02 1.0 80.0 20.0 0.10 H 0.8
145 L 0.02 1.2 130.0 20.0 0.20 H 0.2
146 0.06 1.2 110.0 30.0 0.65 H 0.4
147 L 0.02 0.8 84.0 80.0 2.4 H 0.6
148 L 0.02 0.8 120.0 100.0 0.35 H 0.8
149 0.04 1.0 130.0 100.0 0.65 H 0.8
150 0.02 1.0 190.0 N 10.0 0.55 H 0.2
‘law®






No. Au Ag Cu
151 0.02 1.8 4000.0
152 L 0.02 0.8 170.0
153 L 0.02 1.4 3000.0
154 L 0.02 0.8 120.0
155 0.02 1.4 2800.0
156 L 0.02 1.2 160.0
157 L 0.02 1.4 280.0
158 L 0.02 1.2 150.0
159 L 0.02 1.2 130.0
160 L 0.02 1.2 150.0
161 L 0.02 —
162 L 0.02 0.8 62.0
163 L 0.02 — —
164 L 0.02 —
165 L 0.02 0.8 84.0
166 L 0.02 1.0 68.0
167 L 0.02 0.8 110.0
168 L 0.02 1.2 50.0
169 L 0.02 1.0 64.0
170 L 0.02 0.8 76.0
171 L 0.02 1.4 300.0
172 L 0.02 1.2 170.0
173 L 0.02 1.2 170.0
174 L 0.02 1.2 170.0
175 L 0.02 1.2 140.0
As Hg Te W
30.0 0.26 H 1.0 N 20.0
30.0 0.65 H 0.6 N 20.0
20.0 0.30 H 0.5 N 20.0
10.0 0.30 L 0.2 20.0
30.0 0.30 L 0.2 N 20.0
20.0 0.11 H 0.6 N 20.0
N 10.0 0.16 H 0.2 N 20.0
10.0 0.50 H 0.6 N 20.0
L 10.0 2.8 H 0.6 N 20.0
N 10.0 0.80 H 0.2 N 20.0
— 0.04 L 0.2 N 20.0
L 10.0 0.80 H 0.2 N 20.0
— — — —
N 10.0 0.65 H 0.8 N 20.0
40.0 0.65 H 1.0 N 20.0
N 10.0 0.16 H 1.0 N 20.0
10.0 0.80 H 1.0 N 20.0
30.0 0.45 H 1.0 N 20.0
30.0 0.35 H 0.8 N 20.0
100.0 0.14 L 0.2 N 20.0
20,0 0.08 L 0.2 N 20.0
N 10.0 0.10 H 0.6 N 20.0
L 10.0 0.14 H 0.6 N 20.0
10.0 0.11 H 0.8 N 20.0
308
Location
No. Au Ag Cu
176 L 0.02 1.2 140.0
177 L 0.02 1.2 180.0
178 L 0.02 1.6 240.0
179 L 0.02 1.4 160.0
180 0.04 1.4 190.0
181 0.04 1.2 140.0
182 L 0.02 1.2 120.0
183 L 0.02 1.0 130.0
184 L 0.02 1.2 150.0
185 0.10 1.6 120.0
186 L 0.02 1.4 120.0
187 L 0.02 1.2 82.0
188 L 0.02 1.2 160.0
189 L 0.02 1.0 180.0
190 0.06 1.0 130.0
191 L 0.02 1.0 120.0
192 L 0.02 1.0 180.0
193 L 0.02 1.2 120.0
194 L 0.02 1.2 120.0
195 L 0.02 1.2 94.0
196 L 0.02 1.4 120.0
197 L 0.02 1.0 130.0
198 L 0.02 1.2 210.0
199 L 0.02 1.0 94.0
200 L 0.02 1.2 110.0
As Hg Te W
L 10.0 0.14 H 0.4 N 20.0
N 10.0 0.26 H 0.6 N 20.0
L 10.0 0.09 H 0.3 N 20.0
N 10.0 0.08 H 0.3 N 20.0
N 10.0 0.13 L 0.2 N 20.0
10.0 0.13 L 0.2 N 20.0
300.0 0.16 H 0.4 N 20.0
30.0 0.13 L 0.2 N 20.0
N 10.0 0.18 H 0.4 N 20.0
N 10.0 6.5 L 0.2 N 20.0
N 10.0 0.11 L 0.2 N 20.0
L 10.0 0.55 L 0.2 N 20.0
10.0 0.14 L 0.2 N 20.0
N 10.0 0.18 L 0.2 N 20.0
N 10.0 0.09 L 0.2 N 20.0
N 10.0 0.30 L 0.2 N 20.0
N 10.0 0.26 L 0.2 N 20.0
N 10.0 0.11 L 0.2 N 20.0
N 10.0 0.16 L 0.2 N 20.0
10.0 0.15 L 0.2 N 20.0
10.0 0.14 L 0.2 N 20.0
N 10.0 0.11 L 0.2 N 20.0
L 10.0 0.16 L 0.2 N 20.0
100.0 0.24 L 0.2 N 20.0
10.0 0.15 L 0.2 N 20.0
309
Location
No. Au Ag Cu
201 0.02 1.2 100.0
202 L 0.02 0.6 78.0
203 L 0.02 1.2 130.0
204 L 0.02 0.8 48.0
205 L 0.02 1.2 82.0
206 L 0.02 1.2 100.0
207 L 0.02 1.2 80.0
208 L 0.02 1.2 86.0
209 L 0.02 1.0 86.0
210 0.02 0.4 40.0
211 L 0.02 1.0 66.0
212 L 0.02 0.6 72.0
213 L 0.02 1.2 76.0
214 L 0.02 1.2 70.0
215 L 0.02 0.6 42.0
216 0.02 ___ —
As Hg Te W
20.0 0.13 L 0.2 N 20.0
N 10.0 0.07 L 0.2 N 20.0
N 10.0 0.08 L 0.2 N 20.0
N 10.0 0.20 L 0.2 N 20.0
N 10.0 0.10 L 0.2 N 20.0
N 10.0 0.18 L 0.2 N 20.0
10.0 0.11 L 0.2 N 20.0
10.0 0.20 L 0.2 N 20.0
N 10.0 0.16 L 0.2 N 20.0
40.0 0.55 L 0.2 N 20.0
10.0 0.40 L 0.2 N 20.0
20.0 0.55 L 0.2 N 20.0
L 10.0 0.14 L 0.2 N 20.0
20.0 0.16 L 0.2 N 20.0
30.0 0.18 L 0.2 N 20.0
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R O C K  S M P L  E L t M E N T S
s a m p l e f e  p e r MG P C  T C A  P C T T I  P C T M N  P P M AG PPM A S PPM A U PPM. B PPM BA PPM
1 2 . 0 0 0 0 1 . 0 0 0 0 0 . 7 0 0 0 0 . 0 5 0 0 3 0 0 . C O C O 0 . 2 5 0 0 L 0 . 0 N 0 . 0 N C . O  N 5 0 C . C C 0 0
2 1 5 . 0 0 0 0 3 . 0 0 0 0 3 . C O C O  , 0 . 5 0 0 0 5 0 0 . O C C O 0 . 2 5 0 0 L 0 . 0 N 0 . 0 N 1 5 . C O C O 1 5 C C . C C C 0
3 5 . 0 0 0 0 1 . 5 0 0 0 1 . 5 0 0 0 0 . 3 0 0 0 1 C 0 C . C C C 0 7 . 0 0 0 0 0 . 0 N 0 . 0 N 1 0 . 0 0 0 0 1 5 0 C . C C C O
4 5 . 0 0 0 0 2 . 0 0 0 0 1 . 5 0 0 0 0 . 3 0 0 0 1 0 0 0 . o c o o 0 . 2 5 0 0 L 0 . 0 N 0 . 0 N 5 . 0 0 0 0 L 1 5 C C . C C O O
5 5 . 0 0 0 0 2 . 0 0 0 0 1 . 5 0 0 0 0 . 3 0 0 0 7 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N > 0 . 0  N 1 0 C C . C C C 0
6 1 0 . 0 0 0 0 3 . 0 0 0 0 0 . 7 0 0 0 0 . 7 0 0 0 3 0 0 . 0 0 C C 0 . 2 5 C 0 L 0 . 0 N 0 . 0 N 5 . 0 0 0 0 L 1 5 C C . O C O O
7 5 . C 0 0 0 2 . 0 0 0 0 1 . 5 0 0 0 0 . 3 0 0 0 7 0 0 . 0 0 0 0 0 . 2 5 C 0 L 0 . 0 N C . O K 0 . 0  N 1 5 0 0 . C C O O
8 1 . 5 0 0 0 0 . 3 0 0 0 0 . 7 0 0 0 0 . 2 C 0 0 1 0 0 . C O C O 0 . 0 N 0 . 0 N 0 . 0 N 5 . C 0 C 0 L 2 C C C . C C 0 0
9 5 . 0 0 0 0 1 . 5 0 0 0 2 . 0 0 0 0 C . 3 C C 0 5 C 0 . C C C C C . O N o . c N 0 . 0 N 5 . C 0 C 0 L I C C C . O C O O
1 0 7 . 0 0 0 0 3 . 0 0 0 0 3 . 0 0 0 0 0 . 5 0 0 0 7 0 0 . C O C O 0 . 0 N 0 . 0 N 0 . 0 N 5 . C 0 0 0 L 3 C C . C O O O
1 1 1 5 . 0 0 0 0 5 . 0 0 0 0 2 . 0 0 0 0 0 . 3 0 0 0 1 0 0 0 . o o c o 0 . 0 N 0 . 0 N 0 . 0 N 0 . 0  N 7 C C . C C 0 0
12 1 0 . 0 0 0 0 3 . C 0 0 0 3 . 0 0 0 0 0 . 7 0 0 0 1 5 0 0 . 0 0 0 0 0 . 2 5 0 0 L 0 . 0 N 0 . 0 N 1 0 . C 0 0 0 1 5 0 0 . C C O O
1 3 1 5 . 0 0 0 0 3 . 0 C 0 0 0 . 5 0 0 0 0 . 7 0 0 0 3 0 0 . 0 0 0 0 1 . 5 0 0 0 0 . 0 N C . O N 1 0 . 0 0 0 0 1 0 0 0 . 0 0 0 0
14 5 . 0 0 0 0 1 . 0 0 0 0 2 . 0 0 C 0 0 . 5 0 0 0 5 0 0 . C O C O 0 . 0 N 0 . 0 N 0 . 0 N 1 0 . 0 0 0 0 7 0 C . C 0 0 0
15 1 5 . 0 0 0 0 1 . 5 0 0 0 1 . 5 0 0 0 0 . 7 0 0 0 1 5 0 0 . C O C O 0 . 2 5 0 0 L 0 . 0 N C . O N 5 . C 0 C 0 L 7 C C . C C 0 0
16 7 . 0 0 0 0 1 . 5 0 0 0 1 . 5 0 0 0 0 . 7 0 0 0 5 0 0 . 0 0 0 0 0 . 2 5 0 0 L 0 . 0 N 0 . 0 N 0 . 0  N 7 C C . C C C 0
17 1 5 . 0 0 0 0 5 . 0 0 0 0 7 . 0 0 0 0 l . C O O O G 1 5 0 0 . C O C O 0 . 5 0 0 0 0 . 0 N 0 . 0 N 5 . 0 0 0 0 L 5 0 0 0 . O C O O
18 5 . 0 0 0 0 0 . 5 0 0 C 0 . 7 0 0 0 0 . 1 5 0 0 1 0 0 . 0 0 0 0 0 . 5 0 0 0 0 . 0 N C . O N 5 . C C C 0 L 5 0 C . C C C 0
19 1 0 . 0 0 0 0 3 . 0 0 0 0 5 . 0 C C O 1 . 0 0 0 0 1 5 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N C . O N 1 C . C 0 0 0 7 C C . C C C 0
2 0 l . 0 0 0 0 0 . 5 0 0 0 l . C O C O 0 .  1 0 0 0 3 0 0 . C C C 0 0 . 0 N o . c N 0 . 0 N 5 . 0 0 0 0 L I O C . O C O O
2 1 0 . 1 5 0 0 0 . 0 5 0 0 0 . 3 0 0 0 0 . C 1 0 0 7 0 . O C C O 0 . 0 N o.c N 0 . 0 N 5 . C O O O L 2 C C . C C C 0
22 1 5 . 0 0 0 0 5 . 0 0 0 0 5 . 0 0 0 0 0 . 7 0 0 0 1 5 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 5 C . C C C 0 5 C C . C C C 0
2 3 1 . 5 0 0 0 0 . 2 0 0 0 0 . 3 0 0 0 0 . 1 5 0 0 7 0 . C O C O 0 . 0 N 0 . 0 N 0 . 0 N 2 0 . 0 0 0 0 3 C C . C C O O
24 0 . 3 0 0 0 0 . 1 5 0 0 0 . 2 0 0 0 0 . 0 2 0 0 7 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 5 . 0 0 C 0 L 7 C . C C O O
2 5 1 5 . 0 0 0 0 7 . 0 0 0 0 1 0 . 0 0 0 0 0 . 7 0 0 0 2 0 0 0 . O C C O 0 . 0 N 0 . 0 N 0 . 0 N 1 C . C O C O 1 0 C C . C C C O
26 7 . 0 0 0 0 1 . 5 0 0 0 1 . 0 0 0 0 0 . 5 0 0 0 1 5 0 0 . O O C C 0 . 2 5 0 0 L o.c N 0 . 0 N 5 . C 0 C 0 L 7 C C . C C C 0
2 7 5 . 0 0 0 0 2 . 0 0 0 0 3 . 0 0 0 0 0 . 5 0 0 0 1 0 0 0 . C O C O 0 . 2 5 0 0 L 0 . 0 N 0 . 0 N 1 0 . 0 0 0 0 7 0 0 . C C O O
2 8 1 0 . 0 0 0 0 1 . 0 0 0 0 5 . 0 0 0 0 l . C O O O 2 0 0 0 . C C C C C . O N 0 . 0 N 0 . 0 N 5 0 . 0 0 0 0 2 C C C . C C C 0
2 9 3 . 0 0 0 0 1 . 0 0 0 0 2 . 0 0  C O 0 . 3 0 0 0 7 0 0 . C O C O 0 . 0 N O . C N C . O N 1 0 . C O C O 1 5 0 0 . C C O O
30 3 . 0 0 0 0 0 . 7 0 0 0 2 . C O C O 0 . 3 C C 0 7 0 0 . O O C O 0 . 0 N 0 . 0 N C . O N 3 C . C 0 C 0 l O C C . C C O O
31 2 . 0 0 0 0 0 . 5 0 0 0 5 . 0 0 0 0 C . 3 0 0 0 1 C 0 C . C C C 0 0 . 0 N 0 . 0 N 0 . 0 N 3 C . C O O O l O C C . O C O O
32 5 . 0 0 0 0 1 . 0 0 0 0 3 . 0 0 0 0 0 • 5 0 0 0 7 0 0 . O O C O l . C O O O o . c N C . O N 2 C C . C 0 0 0 7 C C . 0 C 0 0
33 0 . 3 0 0 0 0 . C  7 0 0 0 . 1 0 0 0 0 . 0 1 0 0 3 0 . C C 0 C 0 . 0 N 0 . 0 N C . O N 5 . C C C C L 2 C . C C C C
34 7 . 0 0 0 0 2 . C 0 0 0 3 . 0 0 C 0 0 . 7 C C 0 7 0 0 . C O C O C . 2 5 0 0 L o . c N 0 . 0 N l O . C O O O 5 C C . C C C C
35 5 . 0 0 0 0 1 . 5 0 0 0 2 . C C 0 0 C . 3 0 0 0 7 0 0 . O C C O C . O N o . c N C . O N 5 . C C C 0 L 1 5 0 . C C O O
36 5 . 0 0 0 0 1 . 0 0 0 0 l . 5 0 0 0 l . C O O O G 7 0 0 . C O C O 0 . 5 0 0 0 0 . 0 N 0 . 0 N 2 C . C O C O 2 C C C . C C C C
37 0 . 7 0 0 0 0 . 0 7 0 0 0 . 3 0 CO 0 . 0 1 0 0 3 0 . C O C O 0 . 0 N o.c N 0 . 0 N 5 . C 0 C 0 L 5 0 . O C C O
38 1 . 5 0 0 0 0 . 3 0 0 0 0 . 5 0 0 0 0 . 2 0 0 0 1 5 C . 0 C C 0 C . O N c . c N 0 . 0 N 5 . C 0 C 0 L 7 C . C C C 0
39 1 . 5 0 0 0 0 . 3 0 0 0 1 . 5 C C 0 0 . 1 C 0 0 2 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 5 . C 0 C C L 1 5 C . C C C C
4 0 l . 5 0 0 0 0 . 3 0 C G 0 . 2 0 0 0 C . 3 0 C C 1 0 0 . C C C C 0 . 0 N c . c N 0 . 0 N 1 C . C O C O t cc c . c cc o
4 1 1 . 0 0 0 0 0 . 2  C O O 2 . 0 0 0 0 0 . C 2 0 0 1 5 C . 0 0 0 0 0 . 0 N 0 . 0 N C . O N 5 . C 0 0 0 L 1 5 0 . O C C O
42 0 . 5 0 0 0 0 . 1 0 0 0 0 . 1 0 C 0 0 . 0 1 5 0 7 0 . O C C O 0 . 0 N 0 . 0 '  N C . O N 5 . C 0 0 0 L 2 C . C C 0 0
4 3 0 . 0 7 0 0 0 . 0 1 0 C I 0 . 0 3 C 0 L 0 . 0 1 0 0 2 0 . C C C C 0 .0 N 0.0 N C . O N 5 . C 0 0 0 L C . O  N
44 0 . 2 0 0 0 0 . 1 5 0 0 0 . 1 C C 0 0 . 0 3 C O 7 C . C C 0 0 0.0 N 0.0 N 0 .0 N 5 . C O C C L 7 C . C C C C
45 0 . 2 0 0 0 0 . 0 5 0 0 0 . 0 3 C 0 L 0 . 0 1 0 0 7 C . C 0 C 0 0.0 N 0.0 N 0.0 N 5 . 0 0  C O L 1 C . C C 0 0 L
46 1 . 5 0 0 0 0 . 3 0 0 0 1.0000 0 . 0 3 0 0 2 0 0 . O O C O 0.0 N 2 C O . C C C O 0.0 N 5 . C C C 0 L 2 0 . C C C C
4 7 1 . 5 0 0 0 0 . 2 C 0 C 0 . 7 0 0 0 0 . 0 7 0 0 1 0 0 . C O C O 0 .0 N 0.0 N 0.0 N 5 . C C C 0 L 5 C . C C C C
4 8 2 . C C 0 0 O . 7 C 0 0 2 . 0 0 0 0 0 . 2 C C 0 5 0 0 . O O C O 0 .0 N o . c N C . O N 1 C C . C C C 0 1 5 C . C C 0 0
49 2 . C O C O 1 . C C 0 0 2 . 0 0 0 0 0 . 3 0 0 0 5 0 C . C C C C 0.0 N 0.0 N 0 .0 N 5 0 . C C C C I C C . C C C C




R O C K  S M P L  E L E M E N T S
S A M P L E B E  P P M 8 1 P P M C O  P P M C R  P P M C U  P P M L A  P P M MC P P M N B  P P M N I  P P M P B  P P M
1 0 . 5 0 0 0 L 0 . 0 N 0 . 0  N 3 O . C 0 0 0 5 . O C O O 0 . 0  N 2 . 5 C C 0 L l O . C O O O 1 5 . 0 0 0 0 3 C . O C O O
2 0 . 5 0 C 0 L 0 . 0 N 1 0 . 0 0 0 0 3 0 0 . 0 0 0 0 7 0 . 0 0 0 0 0 . 0  N 2 . 5 C C 0 L 1 0 . C C O O 7 0 . C C C 0 1 5 . C O C O
3 0 . 0  N 0 . 0 N . 1 0 . C O C O 7 0 . 0 0 0 0 5 . 0 0 0 0 1 0 . 0 0 0 0 L 2 . 5 C 0 0 L 1 0 . O C O O 3 0 . C C O O 3 0 . 0 0 0 0
4 0 . 5 0 0 0 L 0 . 0 N 1 0 . 0 0 C 0 7 0 . C C 0 0 7 . O C O O 0 . 0  N 2 . 5 0 0 0 L 1 0 . 0 0 0 0 3 0 . C C O O 2 C . C C C 0
5 0 . 5 0 0 0 L 0 . 0 N 1 0 . 0 0 0 0 1 5 0 . 0 0 0 0 5 . 0 0 0 0 0 . 0  N O . C N 5 . 0 0 0 0 L 3 0 . C 0 0 0 2 0 . 0 0 0 0
6 0 . 5 0 0 0 L 0 . 0 N 1 5 . 0 0 C 0 3 0 0 . 0 0 0 0 3 0 . 0 0 0 0 1 0 . 0 0 0 0 L 2 . 5 C 0 0 L 1 0 . 0 0 0 0 1 0 0 . 0 0 0 0 1 5 . C C O O
7 0 . 5 0 0 0 L 0 . 0 N 7 . 0 0 0 0 7 0 . 0 0 0 0 2 . 5 0 C C L 0 . 0  N 0 . 0 N 5 . C 0 0 0 L 2 0 . C 0 G 0 3 C . O O O O
8 0 . 0  N 0 . 0 N 5 . C O C O 1 0 . 0 0 0 0 1 0 . 0 0 C 0 2 0 . C O C O 1 5 . C C C 0 0 . 0  N 3 0 . C O C O C . O  N
9 0 . 0  N 0 . 0 N 1 5 . 0 0 0 0 2 0 . 0 0 0 0 5 . 0 0 C C 2 0 . 0 0 0 0 0 . 0 N 0 . 0  N 7 . C O C O 5 C . 0 C 0 0
10 0 . 0  N 0 . 0 N 3 0 . 0 0 0 0 5 0 0 . O C O O 7 C . C C C C 0 . 0  N 0 . 0 N 0 . 0  N 5 0 . 0 C C 0 0 . 0  N
11 0 . 0  N 0 . 0 N 2 0 . 0 0 0 0 3 0 0 . 0 0 0 0 3 0 . 0 0 0 0 2 0 . 0 0 0 0 0 . 0 N 1 0 . 0 0 0 0 3 0 . C O C O 5 . 0 C O O L
12 1 . 0 0 0 0 0 . 0 N 2 0 . 0 0 0 0 1 5 0 . 0 0 0 0 3 0 . 0 0 0 0 7 0 . 0 0 0 0 2 . 5 C 0 0 L 1 0 . 0 0 0 0 5 0 . C O C O 3 C . C C C C
1 3 0 . 5 0 0 0 L 0 . 0 N 2 0 . 0 0 0 0 3 0 0 . 0 0 0 0 3 0 . 0 0 0 0 2 0 . 0 0 0 0 2 . 5 C C 0 L 1 C . 0 0 C 0 1 5 0 . C O C O 2 0 . O C O O
14 0 . 0  N 0 . 0 N 2 0 . 0 0 0 0 1 5 0 . 0 0 0 0 2 . 5 0 0 0 L 2 0 . 0 0 0 0 0 . 0 N 0 . 0  N 1 5 . 0 0 C O 1 0 . C C C C
1 5 0 . 5 0 0 0 L 0 . 0 N 1 0 . 0 0 0 0 1 5 0 . 0 0 0 0 3 0 . C O C O 0 . 0  N 2 . 5 0 0 0 L 1 0 . 0 0 0 0 3 0 . 0 0 0 0 1 C . C C O O
16 0 . 0  N 0 . 0 N 1 0 . 0 0 0 0 1 5 0 . C O C O 2 C . O C O O 1 0 . 0 C 0 0 L 0 . 0 N 1 0 . C O C O 3 0 . 0 0 0 0 5 . 0 C 0 0 L
1 7 0 . 5 0 0 0 L 0 . 0 N 3 0 . 0 0 0 0 1 5 0 . O C O O 2 0 0 . 0 0 0 0 7 0 . 0 0 0 0 2 0 . C O C O 1 0 . 0 0 0 0 1 0 0 . C O C O 5 . 0 C 0 C L
1 8 1 . 0 0 0 0 0 . 0 N 2 . 5 0 C 0 L 0 . 0  N 2 0 0 . C O C O l O . C C O O L O . C N C . O  N 7 . C O C O 0 . 0  N
19 0 . 0  N 0 . 0 N 2 0 . 0 0 0 0 1 0 0 . 0 0 0 0 1 5 . 0 0 0 0 I O . O O O O L 0 . 0 N 0 . 0  N 5 C . C C C 0 C . O  N
2 0 0 . 5 0 0 0 L 0 . 0 N 2 . 5 0 0 0 L 1 0 . C C 0 0 0 . 0  N 1 0 . C 0 0 0 L 0 . 0 N 0 . 0  N 1 C . C O C O C . O  N
2 1 0 . 5 0 0 0 L 0 . 0 N 0 . 0  N 0 . 0  N 2 . 5 C 0 0 L 0 . 0  N 0 . 0 N 0 . 0  N 2 . 5 C C 0 L 0 . 0  N
2 2 0 . 5 0 0 0 1 0 . 0 N 1 5 . 0 0 0 0 2 0 0 . 0 0 0 0 1 5 C . C C C 0 2 0 . 0 0 0 0 0 . 0 N 0 . 0  N 3 C . C 0 C 0 1 C . O C O O
2 3 0 . 5 0 0 0 L 0 . 0 N 2 . 5 0 0 0 L l O . C O O O 5 . O C O O I O . O O O O L 0 . 0 N 5 . C 0 0 0 L 0 . 0  N 1 0 . C C O O
2 4 0 . 0  N 0 . 0 N 0 . 0  N 0 . 0  N 0 . 0  N 0 . 0  N 0 . 0 N 0 . 0  N 5 . C O C O 0 . 0  N
2 5 0 . 0  N 0 . 0 N 5 0 . 0 0 0 0 1 0 0 0 . C C O O 2 0 . 0 C C 0 2 0 . 0 0 0 0 0 . 0 N 0 . 0  N 7 0 . 0 0 0 0 5 . C 0 0 C L
2 6 0 . 5 0 0 0 L 0 . 0 N 7 . C O C O 1 5 0 . 0 0 0 0 5 0 . C O C O 0 . 0  N O . C N 1 0 . C C O O 3 0 . C O C O 5 . 0 C 0 0 L
27 1 . 5 0 0 0 0 . 0 N 1 0 . 0 0 0 0 1 5 0 . 0 0 0 0 2 . 5 0 0 0 L I O . O O O O L 0 . 0 N 1 0 . 0 0 0 0 3 0 . C O C O 1 0 . C C O O
2 8 0 . 5 0 0 0 L 0 . 0 N 2 0 . 0 0 0 0 2 0 0 . C O C O 3 0 . 0 C C C 5 0 . 0 0 0 0 0 . 0 N 0 . 0  N 5 0 . C O C O 1 C . C C O O
29 0 . 5 C 0 0 L 0 . 0 N 1 0 0 . 0 0 0 0 1 0 0 . 0 0 0 0 2 0 . 0 0 0 0 2 0 . 0 0 0 0 0 . 0 N 0 . 0  N 5 0 . C C O O 5 . 0 0 0 C L
30 0 . 5 0 0 0 L 0 . 0 N 1 0 0 . 0 0 0 0 1 0 0 . 0 0 0 0 2 . 5 C C C L 2 0 . 0 0 0 0 0 . 0 N 0 . 0  N 2 0 . 0 0 0 0 5 . C C 0 0 L
31 0 . 5 0 0 0 L 0 . 0 N 1 5 C . 0 0 C 0 1 5 0 . 0 0 0 0 0 . 0  N 2 0 . 0 0 0 0 c . c N 0 . 0  N 1 5 . 0 0 0 0 0 . 0  N
32 0 . 5 0 0 0 L 0 . 0 N 5 0 . 0 0 0 0 5 0 . 0 0 0 0 5 0 . 0 0 0 0 2 0 . 0 0 0 0 0 . 0 N 0 . 0  N 1 5 . 0 0 C 0 1 0 . C C O O
33 0 . 0  N 0 . 0 N 0 . 0  N 0 . 0  N 2 0 . O C O O 1 0 . C C C 0 L O . C N 0 . 0  N 0 . 0  N C . O  N
34 0 . 0  N 0 . 0 N 2 0 . 0 0 0 0 5 0 . 0 0 0 0 1 5 0 . C O C O 2 0 . 0 0 0 0 0 . 0 N 0 . 0  N 3 0 . C O C O 5 . C C 0 0 L
35 0 . 0  N 0 . 0 N 7 . 0 0 0 0 3 0 . 0 0 0 0 3 0 . 0 0 0 0 I O . O O O O L 0 . 0 N 0 . 0  N 2 C . C C C 0 C . C  N
36 1 . 0 0 0 0 0 . 0 N 0 . 0  N 0 . 0  N 3 0 . 0 0 0 0 1 0 0 . 0 0 0 0 2 0 . 0 0 0 0 3 0 . 0 0 0 0 0 . 0  N 1 C C . C C 0 C
37 0 . 0  N 0 . 0 N 0 . 0  N 0 . 0  N 7 . 0 0 0 0 I O . O O O O L 1 0 . O C O O 0 . 0  N 2 . 5 0 0 0 L C . O  N
38 0 . 0  N 0 . 0 N 2 . 5 0 0 0 L C . O  N 1 C . C C C 0 I O . O O O O L 7 . O C O O 0 . 0  N 7 . C C O O C . O  N
39 0 . 5 0 0 0 L 0 . 0 N 5 . 0 0 0 0 1 0 . 0 0 0 0 1 5 . 0 C C 0 2 0 . C C O O O . C N C . O  N 7 . C O C O C . O  N
4 0 0 . 5 C 0 0 L 0 . 0 H 0 . 0  N 0 . 0  N 1 5 . 0 C C 0 2 0 . C C O O O . C N 2 0 . C O C O C . O  N 3 0 . C C O O
4 1 0 . 0  N 0 . 0 N 5 . 0 0 0 0 O . C  N 2 . 5 C C C L C . O  N 0 . 0 N 0 . 0  N 3 0 . C O C O C . C  N
42 0 . 0  N 0 . 0 N 0 . 0  N 0 . 0  N 2 . 5 C 0 0 L 0 . 0  N 0 . 0 N C . O  N 2 . 5 C 0 0 L C . O  N
4 3 0 . 0  N 0 . 0 N C . O  N 0 . 0  N 0 . 0  N 0 . 0  N 0 . 0 N 0 . 0  N 2 . 5 0  C O L C . C  N
4 4 0 . 0  N 0 . 0 N 0 . 0  N 0 . 0  N 2 . 5 C C 0 L I O . O O O O L O . C N 5 . 0 0 0 0 L 2 . 5 0 0 0 L C . C  N
45 0 . 0  N 0 . 0 N C . O  N 0 . 0  N 2 0 . 0 0 0 0 0 . 0  N 0 . 0 N 0 . 0  N 5 . C 0 0 0 C . O  N
4 6 0 . 0  N 0 . 0 N 1 0 . 0 0 0 0 0 . 0  N 2 0 0 . O C O O 1 0 . C 0 0 0 L O . C N 0 . 0  N 5 . 0 0 0 0 C . O  N
4 7 0 . 0  N 0 . 0 N 7 . 0 0 0 0 0 . 0  N 2 0 0 . C C O O I O . O O O O L 0 . 0 N 0 . 0  N 1 5 . C O C O 0 . 0  N
4 8 0 . 0  N 0 . 0 N 3 0 . 0 0 0 0 3 0 . O C O O 1 5 . 0 0 0 0 2 0 . 0 0 0 0 0 . 0 N 0 . 0  N 1 0 . C O C O 5 . 0 0 C 0 L
49 ' 0 . 5 C 0 0 L 0 . 0 N 3 0 . C O C O 3 0 • C O C O 2 . 5 C O O L 2 0 . 0 0 0 0 O . C N 0 . 0  N 7 . C O C O 5 . C O O O L




R O C K  S M P L  E L E M E N T S
S C  P P M S N P P M S R  P P M V P P M H P P M Y P P M Z N P P M Z R  P P M
5 . 0 0 0 0 0 . 0 N 7 0 0 . 0 0 0 0 3 0 . 0 0 0 0 0 . 0 N 1 0 . 0 0 0 0 0 . 0 N 1 5 0 . C 0 0 0
1 5 . 0 0 0 0 0 . 0 N 1 5 0 . 0 0 0 0 3 0 0 . 0 0 0 0 0 . 0 N 2 0 . 0 0 0 0 2 0 0 . 0 0 0 0 1 5 0 . 0 0 0 0
1 0 . 0 0 0 0 0 . 0 N 7 0 0 . 0 0 0 0 7 0 . C O C O 0 . 0 N 1 5 . 0 0 0 0 1 0 0 . 0 0 0 0 L 5 C 0 . C 0 C 0
7 . 0 0 0 0 0 . 0 N 7 0 0 . 0 0 0 0 1 0 0 . C C O O 0 . 0 N 1 0 . C C O O 2 0 0 . 0 0 0 0 3 0 0 . 0 0 0 0
1 5 . C C 0 0 0 . 0 N 7 0 0 . 0 0 0 0 1 5 0 . 0 0 0 0 0 . 0 N 1 0 . C O C O 1 0 0 . 0 0 0 0 L 7 0 . 0 0 0 0
2 0 . 0 0 0 0 0 . 0 N 3 0 0 . 0 0 0 0 3 0 0 . 0 0 0 0 0 . 0 N 1 5 . 0 0 0 0 1 0 0 . 0 0 0 0 L 1 5 0 . 0 0 0 0
1 0 . 0 0 0 0 0 . 0 N 5 0 0 . 0 0 0 0 l O C . C O O O 0 . 0 N 1 0 . 0 0 0 0 0 . 0 N 1 0 0 . C C O O
1 0 . 0 0 0 0 0 . 0 N 1 5 0 . 0 0 0 0 1 5 0 . 0 0 0 0 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N I O C . C O C O
1 5 . 0 0 0 0 c . o N 7 0 0 . 0 0 0 0 1 5 0 . 0 0 C 0 0 . 0 N 1 0 . 0 0 0 0 1 0 0 . 0 0 C 0 L 5 C . C C C 0
3 0 . 0 0 0 0 0 . 0 N 1 5 0 . 0 0 0 0 5 0 0 . C O C O c . o N 2 0 . C C O O 0 . 0 N 1 5 . 0 0 0 0
3 0 . C C 0 0 0 . 0 N 7 0 0 . 0 0 0 0 3 0 0 . C O C O 0 . 0 N 3 0 . C C O O 0 . 0 N 7 C . C O O O
2 0 . 0 0 0 0 c . o N 1 0 0 0 . C C O O 2 0 0 . 0 0 0 0 0 . 0 N 3 0 . O C O O 1 0 0 . 0 0 0 0 L 3 C O . C C C O
2 0 . 0 0 0 0 0 . 0 N 1 5 0 . 0 0 0 0 3 0 0 . C O C O 0 . 0 N 1 5 . O C O O 1 0 0 . 0 0 0 0 L 2 0 0 . 0 0 0 0
2 0 . 0 0 0 0 0 . 0 N 3 0 0 . 0 0 0 0 1 5 0 . 0 0 0 0 0 . 0 N 2 0 . C C O O 0 . 0 N 1 C 0 . C 0 0 0
2 0 . 0 0 0 0 0 . 0 N 3 0 0 . 0 0 0 0 3 0 0 . 0 0 0 0 0 . 0 N 1 5 . C O C O 1 0 0 . 0 C C 0 L 7 0 . C O C O
1 5 . 0 0 0 0 0 . 0 N 3 0 0 . O C O O 1 0 0 . 0 0 0 0 0 . 0 N 1 0 . C C O O 1 0 0 . 0 0 0 0 L 1 5 0 . 0 0 0 0
5 0 . 0 0 0 0 0 . 0 N 5 0 0 . 0 0 0 0 1 C 0 0 . 0 C C 0 0 . 0 N 7 C . C C C 0 C . O N 2 C C . C 0 C 0
5 . 0 0 0 0 0 . 0 N 3 0 0 . 0 0 0 0 7 0 . 0 0 0 0 0 . 0 N 0 . 0  N 0 . 0 N 7 0 . C O C O
1 5 . 0 0 0 0 0 . 0 N 7 0 0 . C C O O 2 0 0 . C O C O 0 . 0 N 1 5 . C C O O 0 . 0 N 7 0 . 0 0 0 0
5 . 0 0 0 0 0 . 0 N 1 0 0 . 0 0 0 0 7 0 . 0 0 0 0 0 . 0 N 5 . C C C 0 L c . o N 1 C . C O C O
0 . 0  N 0 . 0 N 1 5 0 . 0 0 0 0 5 . 0 0 0 0 L 0 . 0 N 0 . 0  N 0 . 0 N 0 . 0  N
3 0 . 0 0 0 0 0 . 0 N 5 0 0 . C O C O 5 0 0 . C O C O c . o N 3 0 . 0 0 0 0 0 . 0 N 1 5 0 . 0 0 0 0
7 . 0 0 0 C 0 . 0 N 3 0 0 . 0 0 0 0 I C C . C O C O 0 . 0 N 1 0 . C C O O 0 . 0 N 7 0 . C O C O
0 . 0  N 0 . 0 N 0 . 0  N 5 . 0 0 0 0 L 0 . 0 N 0 . 0  N 0 . 0 N 0 . 0  N
5 0 . 0 0 0 0 0 . 0 N 7 C 0 . C 0 0 0 5 0 0 . O C O O 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N I C O . C O C O
1 5 . 0 0 0 0 0 . 0 N 1 5 0 . 0 0 0 0 3 0 C . C C C C 0 . 0 N 1 0 . C C O O 1 0 0 . C C C 0 L 1 5 0 . C 0 0 0
1 5 . 0 0 0 0 0 . 0 N 7 0 0 . 0 0 0 0 1 5 0 . 0 0 0 0 0 . 0 N 1 5 . C O C O 1 0 0 . C 0 C 0 L 2 C 0 . C C C 0
3 0 . 0 0 0 0 0 . 0 N 1 0 0 0 . 0 0 0 0 3 0 0 . C O C O 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N 1 5 C . C C 0 0
1 5 . 0 0 0 0 0 . 0 N 7 0 0 . C C O O 1 5 C . C C 0 C 0 . 0 N 1 5 . C O C O 0 . 0 N 1 5 0 . 0 0 0 0
1 0 . 0 0 0 0 0 . 0 N 7 0 0 . 0 0 0 0 1 5 0 . 0 0 0 0 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 1 0 0 . C O C O
1 5 . 0 0 0 0 0 . 0 N 2 0 0 . 0 0 0 0 1 5 C . 0 C 0 0 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N I C O . C O C O
1 5 . 0 0 0 0 0 . 0 N 3 0 0 . 0 0 0 0 1 5 0 . C C O O 0 . 0 N 2 0 . O C O O 0 . 0 N I C O . C O O O
0 . 0  N 0 . 0 N 0 . 0  N 0 . 0  N 0 . 0 N O . C  N 2 0 C . C C C O C . O  N
1 5 . 0 0 0 0 0 . 0 N 2 0 0 . C O C O 1 5 C . 0 C C 0 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 1 C C . C C C 0
1 5 . 0 0 0 0 0 . 0 N 2 0 0 . 0 0 0 0 1 5 C . C C C 0 c . o N 1 0 . C C C O 0 . 0 N 2 C . O O C O
7 . C 0 0 0 0 . 0 N 2 0 0 0 . 0 0 0 0 2 0 0 . O C O O 0 . 0 N 2 0 . C C O O 0 . 0 N 2 C C . C 0 0 0
2 . 5 0 0 0 L 0 . 0 N 2 0 0 . 0 0 0 0 5 . 0 0 0 0 1 0 . 0 N 0 . 0  N 0 . 0 N C . O  N
2 . 5 0 0 0 L 0 . 0 N 5 0 . 0 0 0 0 L 2 C . O O C O 0 . 0 N 0 . 0  N c . o N 1 0 . C O C O
5 . C C 0 0 0 . 0 N 2 0 0 . C C O O 3 0 .  C O C O 0 . 0 N O . C  N c . o N 1 0 . C O C O
2 . 5 C 0 0 L c . o N 1 0 0 0 . C C O O 7 0 . 0 0 0 0 0 . 0 N 1 0 . O C O O 0 . 0 N 1 5 C . C C C 0
5 . 0 0 0 0 c . o N 3 0 0 . O C O O 5 C . C 0 C C 0 . 0 N 5 . C C C 0 L 0 . 0 N 5 . C 0 C 0 L
2 . 5 C 0 0 L 0 . 0 N 0 . 0  N 0 . 0  N 0 . 0 N 0 . 0  N 0 . 0 N 0 . 0  N
0 . 0  N 0 . 0 N 0 . 0  N 0 . 0  N 0 . 0 N 0 . 0  N 0 . 0 N C . O  N
0 . 0  N 0 . 0 N 5 0 . 0 0 0 0 L 1 5 . 0 0 0 0 0 . 0 N 0 . 0  N 0 . 0 N 7 0 . 0 0 0 0
0 . 0  N c . o N 0 . 0  N 5 . 0 0 C 0 L 0 . 0 N 0 . 0  N 0 . 0 N C . O  N
2 . 5 C 0 0 L 0 . 0 N 5 0 . 0 0 0 0 L 1 0 . 0 0 0 0 0 . 0 N 0 . 0  N 0 . 0 N C . O  N
2 . 5 0 0 0 L 0 . 0 N 0 . 0  N 5 . 0 C C O L 0 . 0 N O . C  N 0 . 0 N 0 . 0  N
1 0 . C C 0 0 0 . 0 N 2 0 0 . 0 0 0 0 1 5 C . 0 C C 0 0 . 0 N 1 0 . C C O O C . O N 5 0 . 0 0 0 0
1 0 . 0 C C 0 0 . 0 N 3 0 0 . C O C O 1 0 0 . 0 0 0 0 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N I C C . C O C O







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































R O C K  S M P L  E L E M E N T S
S A M P L E B E P P M 8  I P P M C O  P P M C R  P P M C U  P P M L A  P P M P C P P M N B P P M N 1 P P M P B  P P M
51 0 . 5 0 0 0 L 0 . 0 N 1 0 . 0 0 0 0 1 0 0 . C O C O 3 0 . 0 0 0 0 2 0 . 0 0 0 0 0 . 0 N 0 . 0 N 3 0 . C 0 0 0 5 . C C C C L
5 2 • 0 . 5 0 C C L C . O N 1 0 . 0 0 0 0 1 0 0 . 0 0 0 0 3 0 . 0 0 0 0 l O . C O O O L o . c N C . O N 3 0 . C O C O 5 . 0 0 0 0 L
5 3 0 . 0 N 0 . 0 N 5 . C 0 0 0 2 0 . 0 0 0 0 1 5 . 0 0 0 0 2 0 . 0 0 0 0 0 . 0 N 0 . 0 N 1 5 . C O C O l O . C C C O
5 4 0 . 0 N 0 . 0 N 1 5 . 0 0 0 0 1 5 0 . C C C 0 5 0 . C O C O 2 0 . C O C O 0 . 0 N 0 . 0 N 5 0 . 0 0 0 0 5 . C C 0 0 L
5 5 0 . 5 0 0 0 L 0 . 0 N 1 0 . 0 0 0 0 7 0 . 0 0 0 0 5 0 . 0 C C 0 2 0 . 0 0 0 0 0 . 0 N C . O N 5 0 . C O C O 5 . C C C 0 L
5 6 0 . 5 0 0 0 L 0 . 0 N 2 . 5 0 0 0 L 0 . 0  N 1 5 . 0 0 0 0 2 0 . 0 0 0 0 0 . 0 N 0 . 0 N 2 . 5 C C 0 L C . C  N
5 7 0 . 5 0 0 0 L 0 . 0 N 2 . 5 0 0 0 L 0 . 0  N 1 5 . 0 0 0 0 l O . C O O O L 0 . 0 N 1 5 . 0 0 0 0 2 . 5 0 0 0 L 5 . C 0 C 0 L
5 8 0 . 0 N 0 . 0 N 1 0 . 0 0 0 0 7 0 . C C 0 0 3 0 . C O C O 1 0 . 0 0 0 0 L 0 . 0 N 0 . 0 N 2 0 . C O C O 5 . C O O O L
5 9 0 . 0 N 0 . 0 N 1 5 . O C C 0 1 0 0 . 0 0 0 0 3 C . C C C C 2 0 . 0 0 0 0 0 . 0 N 0 . 0 N 3 0 . C O C O 5 . C C C C L
6 0 0 . 0 N 0 . 0 N 1 5 . 0 0 0 0 1 0 0 . 0 0 0 0 5 C . 0 C C C 2 0 . C O C O C . O N 0 . 0 h 3 0 . 0 0 0 0 5 . C C 0 0 L
6 1 0 . 0 N 0 . 0 N 0 . 0  N 0 . 0  N 1 0 . C O C O 0 . 0  N c . c N c . c N C . O  N 0 . 0  N
62 0 . 0 N 0 . 0 N 2 . 5 C 0 0 L 0 . 0  N 7 . C O C O 0 . 0  N 7 . 0 C 0 0 0 . 0 N 7 . C 0 0 0 C . O  N
6 3 0 . 5 0 0 0 L 0 . 0 N 1 5 . 0 0 0 0 1 0 0 . 0 0 0 0 5 0 . C O C O 2 0 . 0 0 0 0 C . O N 0 . 0 N 5 0 . 0 C C 0 5 . C C 0 0 L
6 4 0 . 0 N 0 . 0 M 1 0 . 0 0 0 0 7 0 . 0 0 0 0 7 0 . 0 0 0 0 2 0 . 0 0 0 0 0 . 0 N C . O N 1 C . C O C O 5 . C C C 0 L
6 5 0 . 0 N 0 . 0 N 0 . 0  N O . C  N 0 . 0  N 1 0 . 0 0 0 0 L 5 . 0 0 0 0 0 . 0 N 5 . C C C C 1 C . C C 0 C
6 6 0 . 0 N 0 . 0 N 5 . 0 0 0 0 2 . 5 C 0 0 L 2 . 5 0 0 0 L 0 . 0  N 0 . 0 N 5 . C 0 C 0 L 2 . 5 0 C 0 L C . C  N
6 7 0 . 0 N 0 . 0 N 2 0 . 0 0 0 0 1 0 . 0 0 0 0 7 0 0 . C O C O 0 . 0  N 2 . 5 C O O L 5 . 0 0 0 0 L 2 C . C 0 C C 7 C . C C C C
6 8 0 . 0 N 0 . 0 N 0 . 0  N C . O  N 0 . 0  N C . O  N O . C N 0 . 0 N 2 . 5 0 C 0 L C . C  N
6 9 0 . 0 N 0 . 0 N 0 . 0  N 0 . 0  N 2 . 5 C 0 0 L 0 . 0  N O . C N 0 . 0 K 5 . C O C O C . O  N
70 0 . 0 N 0 . 0 N 0 . 0  N O . C  N 0 . 0  N C . O  N 0 . 0 N 0 . 0 N 5 . C O C O C . O  N
71 0 . 0 N 0 . 0 N 0 . 0  N 0 . 0  N 0 . 0  b C . O  N c . c N C . O N 5 . C O C O 0 . 0  N
72 0 . 5 0 0 0 L 0 . 0 N 5 . 0 0 0 0 2 0 . C O C O 5 0 . 0 0 0 0 2 0 . 0 0 0 0 0 . 0 N 5 . C C 0 0 L 1 C . C O C O C . C  N
7 3 0 . 0 A 0 . 0 N 5 . 0 0 0 0 2 . 5 0 C 0 L 3 C . C C C C O . C  N o . c N 1 0 . 0 0 0 0 1 0 . 0 0 0 0 5 . C O O O L
74 0 . 0 N 0 . 0 N 0 . 0  N 2 . 5 0 0 0 L 5 0 . 0 0 0 0 2 0 . 0 0 0 0 0 . 0 N 1 0 . 0 0 0 0 0 . 0  N 7 C . C 0 0 0
75 0 . 5 0 0 0 L 0 . 0 N 5 . 0 0 0 0 2 . 5 0 0 0 L 3 0 . C O C O 3 0 . 0 0 0 0 0.0 N 1 0 . c o c o 1 C . C O C O 3 C . C C C C
76 0 .0 «N 0 .0 N 1 0 . 0 0 0 0 7 0 . 0 0 0 0 3 0 . C O C O 2 C . 0 C 0 0 0.0 N 0 . 0 N 2 0 . 0 0 0 0 5 . C 0 0 0 L
77 0 .0 N 0.0 M 7 . C O C O 7 0 . 0 0 0 0 3 0 . C O C O 1 0 . C C C O L 0 . 0 N 0 .0 N 1 5 . 0 0 0 0 0 . 0  N
7 8 0 .0 a 0.0 N C . O  N 0 . 0  N 0 . 0  N 0 . 0  N C . O N 0 .0 N 0 . 0  N C . O  N
79 0.0 A 0.0 N 0 . 0  N 0 . 0  N 2 . 5 C O O L 0 . 0  N C . O N 0.0 N 5 . 0 C C 0 0 . 0  N
8 0 0 . 5 0 0 0 L 0 .0 N 7 . 0 0 C 0 5 0 . 0 0 0 0 1 5 . 0 0 0 0 2 0 . 0 0 0 0 0.0 N 0 .0 N 1 5 . C O C O 5 . C C 0 C L
81 0 .0 A 0.0 N 0 . 0  N 0 . 0  N O . C  N 0 . 0  N o . c N 0 .0 N 2 . 5 C 0 0 L C . O  N
82 0.0 N 0.0 N C . O  N 0 . 0  N 5 . 0 0 0 0 1 0 . 0 0 0 0 L 0.0 N 0.0 N 2 . 5 C C 0 L C . O  N
8 3 0 . 5 0 0 0 L 0.0 N 7 . 0 0 0 0 C . O  N 5 0 . C O C O 2 0 . 0 0 0 0 0.0 N 0.0 N 2 . 5 C C C L 5 . C C C C L
84 0 .0 N o . c N 5 . 0 0 0 0 1 0 . C O C O 5 . C C C C 0 . 0  N 0.0 N 0.0 N 5 . C O C O C . O  N
85 0 .0 N 0.0 N 7 . 0 0 0 0 5 0 . 0 0 0 0 1 5 . C O C O l O . C O O O L 0.0 N 0 .0 N 7 . C O C O 5 . C C 0 C L
86 0 .0 •M 0 .0 N 1 0 . 0 0 0 0 7 0 . 0 0 0 0 1 5 . 0 C C C l O . C O O O L 0.0 N 0 .0 N 1 C . 0 0 0 0 5 . C C C C L
87 0 .0 •N 0.0 N 1 0 . C O C O 5 0 . 0 0 0 0 7 0 . C O C O 2 0 . C O C O c . c N c . c N 1 C . C O C O 1 C . C C C C
88 0 . 5 0 0 0 L 0.0 N I C . O C C O 7 C . C 0 0 0 1 0 . 0 0 0 0 2 0 . 0 0 0 0 0.0 N C . O N 3 0 . C O C O 2 C . C C C C
89 0 . 5 0 0 0 L 0.0 N 1 0 . 0 0 0 0 5 0 . 0 0 0 0 1 5 . C O C O 1 0 . C C C 0 L C . O N C . O N 1 5 . C O C O 1 C . C C C C
9 0 0 .0 N 0.0 N 1 0 . 0 0 0 0 7 0 . 0 0 0 0 3 0 . C O C O 2 0 . 0 0 0 0 o . c N C . O N 2 C . C 0 C 0 5 . C C O O L
9 1 0 .0 N 0.0 N 1 5 . C O C O 3 0 . 0 0 0 0 7 C . C C C 0 2 0 . 0 0 0 0 0.0 N 0.0 N 1 C . C C C C 5 . C C C C L
92 0.0 A 0.0 N 1 0 . 0 0 0 0 7 0 . 0 0 0 0 2 0 . C O C O 2 0 . C C 0 0 o . c N 0.0 N 3 0 . C O C O l O . C C C O
9 3 0 . 5 C 0 0 L 0.0 N 1 0 . 0 0 0 0 7 0 . 0 0 0 0 3 0 . C O C O 2 0 . 0 0 0 0 c . c N C . O N 3 C . C C C 0 5 . C C 0 C L
9 4 0 .0 0.0 N 0 . 0  N C . O  N 0 . 0  N l O . C O O O L o . c N 0.0 N 2 . 5 0 0 0 L C . O  N
95 0 . 5 C G C L C . O N 5 . 0 0 0 0 0 . 0  N 5 . 0 C C 0 2 0 . 0 0 0 0 o . c N 0.0 N 7 . C O C O C . C  N
96 0 .0 el C . O N C . O  N 1 0 . 0 0 0 0 2 . 5 C 0 0 L 0 . 0  N o . c N 0.0 N C . C  N C . C  N
9 7 0 .0 N 0.0 N C . O  N 2 0 . C C 0 0 0 . 0  N 1 0 . 0 0 0 0 L o . c N 0.0 N 2 . 5 0 0 0 L C . C  N
9 8 0 . 5 C C 0 L 0.0 N 1 0 . C C 0 0 I C O . C C O O 2 0 . C O C O 2 0 . 0 0 0 0 0.0 N 0 .0 N 3 0 . C O C O 5 . C C C C L
9 9 0 .0 N 0.0 N 1 5 . 0 0 0 0 7 0 . C 0 0 0 3 0 . C C C C 1 C . C C C 0 L O . C ' N 0.0 N 3 0 . C O C O 1 C . C C C C
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R O C K  S M P L  E L E M E N T S
S A M P L E F E  P C T K G  P C T C A  P C T T I  P C T MN P P M A G  P P M A S P P M Al l P P M 8  P P M B A  P P M
1 0 1 5 . 0 0 0 0 0 . 7 0 0 0 3 . 0 0 0 0 0 . 5 C C 0 7 0 0 . C C C C c.o N 0 . 0 N 0 . 0 N 3 0 . C O C O 1 5 C . O C O O
1 0 2 5 . 0 0 0 0 1 . 5 C O O 1 C . O O C O 0 . 5 0 0 0 1 5 0 0 . C C C O 0 . 0 N 0 . 0 N C . O N 3 C . C C C 0 5 C C . C C C C
1 0 3 5 . 0 0 0 0 1 . 5 0 0 0 1 0 . 0 0 C C 0 . 3 0 0 0 1 5 0 C . C C C 0 C . C N 0 . 0 N 0 . 0 N 1 C . C C C O 5 0 C . C C C 0
1 0 4 7 . 0 0 0 0 2 . C C 0 0 3 . C O C O 0 . 5 C 0 0 5 0 0 . C O C O 0 . 0 N o.c N 0 . 0 K 5 . C O O O L 1 0 C C . C C C C
1 0 5 3 . 0 0 0 0 1 . 5 C 0 0 2 . 0 0 0 0 0 . 5 0 0 0 7 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 7 0 . C O C O 5 C C . C C C 0
1 0 6 5 . 0 0 C 0 1 . 0 0 0 0 0 . 7 C C 0 0 . 5 0 0 0 5 0 0 . C O C O 0 . 0 N C . C N 0 . 0 N 2 0 . C C C O 7 C O . C C O O
1 0 7 7 . C C 0 0 0 . 7 0 0 0 5 . C O C O 0 . 5 0 0 0 7 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N C . O N I C C . C C C O 5 C C . C C C 0
1 0 8 3 . 0 0 0 0 1 . 0 0 0 0 5 . C O C O C . 3 C O O 7 0 C . C C C O 0 . 0 N 0 . 0 N c.o N 7 0 . C C C O 7 C C . C C C C
1 0 9 3 . 0 0 0 0 1 . 0 0 0 0 0 . 5 0 0 0 C . 3 C C C 5 0 C . 0 C C C C . C N C . C N c.o N 5 C . C C C 0 7 C C . C C C 0
1 1 0 3 . 0 0 0 0 1 . 5 C 0 0 5 . 0 0 C 0 0 . 3 0 0 0 7 0 0 . 0 0 0 0 0 . 0 N O . C N 0 . 0 N 3 0 . C C C O 5 C C . C C C 0
1 1 1 2 . 0 0 0 0 2 . 0 0 0 0 3 . 0 0 0 0 0 . C 7 C 0 7 0 0 . C C C O 0 . 0 N C . C N C . O N 1 5 . C O C O 1 5 C . O C O O
1 1 2 7 . 0 0 0 0 1 . 5 0 0 0 7 . 0 0 0 0 0 . 2 0 C O 7 0 0 . C C C C 0 . 0 N o.c N c .o N 3 0 . C C C O 5 C O . C C O O
1 1 3 5 . 0 C C O 0 . 7 C C 0 1 0 . C O C O C . 2 C C 0 7 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 5 0 . C C C O 5 C C . C 0 C C
1 1 4 0 . 0 5 0 0 0 . 0 2 0 0 0 . 0 7 0 0 0 . 0 0 5 0 3 C . 0 C C 0 0 . 0 N C . C N C . O N 5 . 0 0 C 0 L C . O  N
1 1 5 5 . 0 0 0 0 1 . 5 0 0 0 2 . 0 0 C 0 0 . 3 0 0 0 7 0 0 . C C C C o.c N C . C N C . O N 5 . C O O O L 1 0 0 . C C 0 C
1 1 6 3 . 0 0 0 0 1 . 5 C 0 0 3 . C O C O 0 . 3 0 0 0 7 0 0 . 0 0 C C 0 . 0 N 0 . 0 N 0 . 0 N 5 . C 0 C 0 L 2 C C . C C C C
1 1 7 3 . 0 0 0 0 1 . 0 0 0 0 3 . 0 0 0 0 C . 3 C C 0 5 C 0 . C C C C C . C N c.o N 0 . 0 N 5 . C O O O L 3 C C . C C C 0
1 1 8 3 . 0 0 0 0 1 . 5 C C 0 3 . C O C O 0 . 3 0 0 0 7 0 0 . C O C O 0 . 0 N 0 . 0 N 0 . 0 N 5 . C C C 0 L 3 C C . C C C 0
1 1 9 3 . 0 0 0 0 1 . 5 0 0 0 3 . 0 0 0 0 C . 3 C C 0 5 0 0 . C C C C 0 . 0 N c.o N 0 . 0 N 5 . C O O O L S C O . C C C O
1 2 0 5 . 0 0 0 0 1 . 5 0 0 0 2 . C O C O C . 5 C O O 7 0 0 . 0 0 C C o.c N o.c N c .o N C . C  N 5 C C . C C 0 0
1 2 1 3 . 0 0 C 0 1 . 5 0 0 0 5 . 0 0 C 0 0 . 3 0 0 0 7 0 0 . C O C O c .o N 0 . 0 N c .o N 3 C . C 0 0 0 7 C C . C C C 0
1 2 2 3 . 0 0 0 0 1 . 5 0 0 0 3 . 0 0 0 0 0 . 7 C 0 O 7 O C . C C C 0 c .o N c.o N 0 . 0 N 5 . C O O O L 7 C C . C C C 0
1 2 3 3 . 0 0 0 0 1 . 5 0 0 0 2 . O C 0 O 0 . 3 0 0 0 7 0 0 . C C C O c.o N C . C N c .o N 2 C . C C 0 0 3 C C . C C C 0
1 2 4 0 . 5 C C 0 0 . 1 5 0 0 C . 1 5 C 0 0 . 0 5 0 0 l O O . C C O O 0 . 5 0 0 0 0 . 0 N c .o N 5 . C C C 0 L 2 C C . C C C C
1 2 5 1 . 0 0 0 0 0 . 0 2 0 0 C . 0 3 C 0 L O . C 1 C O 7 C . C C C 0 0 . 2 5 0 0 1 0 . 0 N 0 . 0 N 5 . 0 0 C 0 L 2 C . C C C C
1 2 6 3 . 0 0 0 0 0 . 5 C 0 0 0 . 7 0 C 0 0 . 1 5 0 0 7 0 0 . 0 0 C 0 l . C O O O C . C N 0 . 0 N 1 5 . C O C O 3 C 0 . C C C 0
1 2 7 3 . 0 0 0 0 0 . 7 0 0 0 l . O C C O 0 . 2 C C 0 2 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 1 C . C C C O 1 C C 0 . C C C 0
1 2 8 5 . 0 0 0 0 1 . 0 0 0 0 1 . 5 C 0 0 C . 3 C 0 0 3 0 C . 0 0 C C 0 . 0 N c.o N 0 . 0 N 3 0 . C O C O 7 C C . C C C C
1 2 9 0 . 1 0 0 0 G . 0 1 0 C L C . 0 3 C 0 L 0 . 0 1 0 0 1 5 0 . C C C C c.o N o.c N 0 . 0 N 5 . C C C 0 L 1 C . C C C 0 L
1 3 0 1 . 5 0 0 0 0 . 2 0 0 0 C . 1 0 C 0 0 . 0 7 0 0 1 0 C . C C C C 0 . 5 0 0 0 0 . 0 N 0 . 0 N 5 . C 0 C 0 L I C C . C C C O
1 3 1 1 . 5 0 0 0 0 . 1 0 0 0 3 . 0 0 0 0 C . C 3 0 0 7 0 0 . C C C C l . C C O O 0 . 0 N 0 . 0 N 5 . C O C O L 5 C . C C 0 0
1 3 2 1 . 5 0 0 0 0 . 3 C 0 0 2 . 0 C C 0 0 . 1 5 0 0 5 0 0 . C O C O 0  . 0 N C . C N 0 . 0 N 2 C . C C C 0 3 C C . C C 0 0
1 3 3 2 0 . 0 0 0 0 1 . 5 0 0 0 2 . 0 0 C O 0 . 5 0 0 0 1 5 0 0 . 0 0 0 0 5 . 0 0 0 0 3 0 0 0 . O C O O 5 . 0 0 0 0 L 7 C . C C C 0 1 C C C . C C C C
1 3 4 5 . 0 0 0 0 0 . 5 0 0 0 0 . 0 5 0 0 1 . C C C O 2 0 C . 0 C C C 0 . 2 5 0 0 L 7 O C . C C 0 O 0 . 0 N 5 . C C C 0 L 3 C C . C C 0 0
1 3 5 5 . 0 0 0 0 0 . 7 0 C 0 1 . 5 C C 0 0 . 3 0 0 0 5 0 0 . C O C O 0 . 0 N 0 . 0 N 0 . 0 N 5 . C O O O L 1 5 C . C C 0 0
1 3 6 7 . 0 0 0 0 2 . 0 0 0 0 5 . 0 0 0 0 C . 5 0 0 0 1 5 0 0 . O C C O 0 . 2 5 0 0 L 0 . 0 N 0 . 0 N 5 . C C C 0 L 3 C C . C C 0 0
1 3 7 3 . 0 0 0 0 1 . 5 0 0 0 2 . 0 0 0 0 C . 3 C 0 C 5 0 C . C C C C C . O N C . C N 0 . 0 N 5 . C O O O L 3 0 C . C C 0 0
1 3 8 3 . 0 0 0 0 1 . C C 0 C 2 . C O C O 0 . 2 0 0 0 1 0 0 0 . 0 0 0 0 0 . 0 N o.c N 0 . 0 N 5 . C O C O L 1 5 C . C C C 0
1 3 9 5 . 0 0 0 0 1 . 0 0 0 0 C . 3 0 C 0 0 . 3 C 0 0 1 5 0 0 . C C C O 7 . C 0 0 0 3 0 C . C C C 0 0 . 0 N 2 C . C 0 0 0 3 C 0 . C C C C
1 4 0 1 0 . C O C O 1 . 5 C C 0 l . O C O O C . 5 C C 0 1 5 C C . 0 C C 0 1 . 5 C 0 0 o . c N c.o N I C . C C C O 3 C O . C C C O
1 4 1 3 . 0 0 0 0 l . O C O O 3 . C O C O C . 3 0 0 0 5 0 0 . C C C O 0 . 5 C 0 0 0 . 0 N 0 . 0 N 3 0 . C O C O 5 C C . C C C C
1 4 2 5 . 0 0 C 0 l . C O O C 7 . 0 0 0 0 C . 3 0 0 0 1 C C C . C 0 C 0 C . O N C . C N c .o N 1 5 . C C C O 5 C C . 0 C C 0
1 4 3 5 . 0 0 0 0 l . C O O O C . 7 0 0 0 0 . 7 0 0 0 1 5 0 . 0 0 0 0 C . 7 0 0 0 0 . 0 N c.o N 5 . C O O O L 7 C C . C C C 0
1 4 4 0 . 1 0 0 0 0 . 0 2 0 0 0 . 0 7 C 0 C . 0 0  5 0 5 0 . C O C O 0 . 0 N 0 . 0 N 0 . 0 N 5 . C C C C L 1 C . C C C C L
1 4 5 0 . 1 5 0 0 0 . 0 2 0 0 0 . 0 3 0 0 L C . C C 5 C 5 0 . C C C O 7 . C C 0 0 c.o N 0 . 0 N 5 . C O O O L 1 C . C C C 0 L
1 4 6 3 . 0 0 0 0 0 . 7 0 0 0 l . C O O O C . 3 0 0 0 5 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 5 . C C C 0 L 3 C C . C C C C
1 4 7 3 . 0 0 0 0 0 . 7 C 0 0 l . O O C O C . 2 0 C 0 3 0 0 . C C C O C . O N 0 . 0 N 0 . 0 N 1 5 . C O O O 5 C C . C C C 0
148 2 . 0 0 0 0 0 . 7 0 0 0 1 5 . 0 C 0 0 0 . C 7 C 0 1 5 0 0 . O O C O 0 . 0 N o.c N c.o N 5 . C C C 0 L I C C . C C C O
1 4 9 7 . 0 0 0 0 0 . 7 0 0 0 1 . 5 0 C 0 0 . 3 C C 0 3 0 0 . O C C O 0 . 0 N 0 . 0 N c .o N 1 0 . C C C O 3 C C . C C C C
1 5 0 2 . 0 0 0 0 0 . 7 0 0 0 2 . 0 0 0 0 0 . 5 0 0 0 1 0 0 0 . C C C O C . C N C . C N C . C N 1 C . C O C O 1 0 C C . C C 0 0
318
R O C K  S f ' P L  E L E M E N T S
SAMPLE BE PPM B I PPM C O  PPM C R  PPM C U  PPM LA PPM MC PPM NB PPM NI PPM PB PPM
1 0 1 0 . 5 0 0 0 1 0 . 0 N 1 5 . 0 0 0 0 7 0 . 0 0 0 0 5 0 . 0 0 0 0 2 0 . 0 0 0 0 0 . 0 N 0 . 0 N 3 0 . C C C 0 1 C . C C C 0
1 0 2 0 . 5 0 0 0 L 0 . 0 N 1 5 . 0 0 0 0 5 C . C C C 0 3 0 . C C C 0 2 0 . 0 0 0 0 O . C N 0 . 0 N 2 0 . C O C O 5 . C C 0 0 L
1 0 3 0 . 0  N 0 . 0 N 7 . 0 0 0 0 7 0 . 0 0 C 0 1 5 . 0 C C C 2 0 . 0 0 0 0 c . c N c .o N 1 5 . C O C O C . O  N
1 0 4 0 . 5 0 0 0 L 0 . 0 N 1 C . 0 C C 0 I C C . 0 0 0 0 1 5 C . 0 C C C 2 0 . 0 C 0 0 O . C N c .o N 2 C . C 0 0 0 2 C . C C C 0
1 0 5 0 . 5 C C 0 L 0 . 0 N 1 0 . C O C O 2 0 0 . 0 0 0 0 3 0 . C O C O 2 0 . 0 0 0 0 O . C N c .o N 5 0 . 0 0 0 0 5 . C 0 0 0 L
1 0 6 0 . 5 0 0 0 L 0 . 0 N 1 0 . 0 0 0 0 1 5 0 . 0 0 0 0 3 0 . C C C 0 2 0 . 0 0 0 0 0 . 0 N c .o N 3 0 . C O C O 5 . C C C C L
1 0 7 0 . 5 0 0 0 L c . c N 1 5 . 0 0 0 0 3 0 0 . 0 0 0 0 2 . 5 0 C 0 L 2 0 . C C 0 0 C . C N 0 . 0 N I C C . C O C O 5 . C C 0 0 L
1 0 8 0 . 0  N 0 . 0 N 1 C . 0 0 C 0 1 0 0 . C O C O 1 5 . C O C O 2 0 . 0 0 0 0 0 . 0 N c .o N 2 C . C C C 0 1 C . C C C 0
1 0 9 0 . 5 0 0 0 L 0 . 0 N 7 . 0 0 0 0 5 0 . C O C O 1 5 . 0 C C C 2 0 . C C 0 0 c . c N 0 . 0 N 1 5 . 0 0 0 0 1 C . C C 0 0
1 1 0 0 . 5 0 0 0 L 0 . 0 N 1 0 . 0 0 0 0 7 0 . C C C 0 2 C . 0 C C 0 2 0 . 0 0 0 0 O . C N c .o N 3 0 . C O C O 5 . C C C 0 L
1 1 1 0 . 0  N 0 . 0 N 7 . 0 0 0 0 1 5 0 . 0 0 0 0 1 0 . C C C C 1 0 . 0 0 0 0 L 0 . 0 N c.o N 2 0 . C O C O 5 . C C 0 0 L
1 1 2 0 . 5 0 0 0 L 0 . 0 N 1 0 . 0 0 0 0 7 C . 0 C C 0 3 C . C 0 C C 1 C . C C 0 0 L 0 . 0 N 0 . 0 N 3 0 . C O C O 3 C . O C O O
1 1 3 0 . 5 0 0 0 L 0 . 0 N l O . O O C O 7 0 . 0 0 0 0 2 0 . 0 C 0 0 1 0 . 0 C 0 0 L O . C N c .o N 3 C . C 0 C 0 l O . C C O O
1 1 4 0 . 0  N 0 . 0 N 0 . 0  N 0 . 0  N 0 . 0  N 0 . 0  N 0 . 0 N 0 . 0 N C . O  N C . C  N
1 1 5 0 . 0  N 0 . 0 N 1 5 . 0 0 0 0 ' I O C . 0 0 0 0 3 0 . 0 C C 0 2 0 . C C 0 0 c . c N c.o N 2 C . C 0 C 0 0 . 0  N
1 1 6 0 . 0  N 0 . 0 N 1 5 . C O C O 7 0 . C O C O 3 C . O O C O 2 0 . 0 0 C 0 2 . 5 0 C 0 L c .o N 3 C . C C C 0 5 . C C C 0 L
1 1 7 0 . 0  N 0 . 0 N l O . O O C O 7 0 . 0 0 0 0 2 0 . 0 C C C 2 C . C 0 0 0 0.0 N 0.0 N 2 C . C 0 0 0 5 . C C C C L
1 1 8 0 . 0  N 0.0 N l O . O O C O 7 0 . C C O O 5 C . 0 C C 0 2 C . C C 0 0 c .c N c .o N 3 C . C 0 C 0 5 . C C C 0 L
1 1 9 0 . 0  N 0.0 N 1 0 . 0 0 0 0 1 0 0 . 0 0 0 0 7 0 . C O C O 2 0 . 0 0 0 0 0.0 N 0.0 N 1 5 . C C C 0 5 . C C C C L
1 2 0 0 . 0  N 0.0 N 1 5 . 0 0 0 0 I C O . C O C O 3 C . C C C C 1 0 . C C C 0 L O . C N c.o N 2 0 . C O C O C . C  N
1 2 1 0 . 5 0 0 0 L 0.0 N 1 5 . 0 0 0 0 7 0 . C O O O 3 0 . 0 C C C 2 C . C C C 0 c .c N 0.0 N 3 C . 0 0 C 0 5 . C 0 C 0 L
1 2 2 0 . 5 0 0 0 1 0.0 N 1 5 . 0 0 0 0 1 0 0 . C O C O 7 0 . 0 0 0 0 2 0 . 0 0 0 0 0.0 N 0.0 N 3 0 . C O C O 5 . C C C C L
1 2 3 O . C  N 0.0 N 1 0 . 0 0 0 0 7 0 . C C 0 O 3 0 . 0 0 0 0 l O . O O O O L c.o N 0.0 N 3 0 . C O C O l O . C C O O
1 2 4 0 . 0  N 5 . C 0 0 C L C . O  N 0 . 0  N 2 . 5 C C 0 L 1 0 . 0 0 0 0 L 0.0 N 0.0 N 5 . C O C O 5 . C 0 C 0 L
1 2 5 0 . 0  N 0.0 N 5 . 0 0 0 0 0 . 0  N 1 5 . C C C C 0 . 0  N 2 0 . C C 0 O 0 . 0 N 2 . 5 0 0 0 L C . C  N
1 2 6 0 . 5 0 0 0 L c . c N l O . C O O O C . O  N 3 C . 0 C C C 1 C . C C 0 0 L 5 0 . C C C 0 c .o N 5 . C C C C 5 . CCCOL
1 2 7 0 . 5 0 0 0 L 0.0 N 5 . C O C O 2 C . 0 0 C 0 5 . 0 C C C 2 0 . 0 0 0 0 0.0 N 0.0 N 2 . 5 C C C L 5 . C C 0 C L
1 2 8 0 . 5 0 0 0 L 0.0 N l O . O O C O 5 C . 0 0 C 0 1 5 . C 0 C C 2 C . C C 0 C c.o N c.o N 1 5 . C 0 0 0 I C . O C O O
1 2 9 0 . 0  N 0.0 N C . O  N 0 . 0  N 0 . 0  N 0 . 0  N O . C N c.o N 2 . 5 C C 0 L C . O  N
1 3 0 0 . 5 0 0 0 L 0.0 N 2 . 5 0 0 0 L 0 . 0  N 5 . 0 0 C O l O . O O O O L 5 . 0 C 0 0 5 . 0 0 C 0 L 2 . 5 C 0 0 L C . C  N
1 3 1 0 . 5 0 0 0 N c . o N 7 . 0 0 0 0 0 . 0  N 7 C . 0 C C C 1 0 . C C 0 0 L 3 0 . C C C 0 c .o N 5 . C 0 0 0 C . O  N
1 3 2 0 . 5 C 0 0 L 0.0 N 5 . 0 0 0 0 0 . 0  N 5 . 0 C C 0 2 0 . 0 0 0 0 3 0 . C C 0 0 1 C . C C C 0 2 . 5 C C 0 L 5 . C C C O L
1 3 3 1 . 5 0 0 0 2 0 . 0 0 0 0 7 C . O O C O 1 5 . C O O O 3 0 C . C C 0 0 0 . 0  N 1 5 0 . C C Q 0 1 5 . C C C 0 1 5 . C C C C 1 5 . C C C C
1 3 4 0 . 0  N 0.0 N 2 0 . 0 0 0 0 1 C . C O C O 1 0 C . C C C C 0 . 0  N 2 . 5 C C 0 L 5 . C 0 0 0 L 7 . 0 C C 0 C . O  N
1 3 5 O . C  N 0.0 N 7 . 0 0 0 0 7 0 . C O C O 1 0 0 . 0 0 0 0 l O . O O O O L 3 0 . 0 0 0 0 0.0 N 3 0 . C O C O 5 . C C C O L
1 3 6 0 . 0  N 0.0 N 1 5 . 0 0 0 0 l O . C O O O 7 C . 0 C C 0 1 C . C 0 0 0 L 2 . 5 C 0 0 L 5 . C O O O L 7 . C O C O 5 . C C C O L
1 3 7 0 . 0  N c . c N 1 0 . 0 0 0 C 1 0 0 . 0 0 0 0 5 0 . C C C 0 2 C . C O O O c . c N c.o 3 C - . C C C 0 5 . C C C O L
1 3 8 0 . 5 0 0 0 L c . c N l O . O O C O C . O  N 3 C . 0 0 C 0 l O . O O O O L 2 . 5 C C O L 0.0 N 7 . C 0 0 0 C . C  N
1 3 9 1 . 5 0 0 0 0.0 N 1 5 . C O C O 1 5 . C O C O 1 0 0 . C O C O C . O  N 7 0 . C C C 0 1 5 . C O O O 3 0 . C O C O 1 C C . C C C 0
1 4 0 1.0000 0.0 N 3 0 . C O C O l O . C O O O 7 C . O C C O C . O  N 1 5 . C C C C 1 C . O C O O 1 C . C C C 0 0 . 0  N
1 4 1 0 . 5 0 0 0 L 0.0 N 1 5 . C O C O 3 0 . 0 C C 0 7 0 . 0 0 0 0 2 0 . 0 0 0 0 0.0 N c.o N 2 C . C C C 0 5 . C C C O L
1 4 2 0 . 0  N 0.0 N l O . O O C O 3 0 . C O C O 1 5 . 0 0 C 0 2 0 . C C 0 O O . C N 0.0 N 1 5 . C O C O 5 . C C 0 C L
1 4 3 0 . 5 0 C 0 L c . o N 10.0000 0 . 0  N 3 0 0 . 0 0 0 0 2 0 . 0 0 0 0 2 . 5 C 0 0 L 1 C . C C O O 5 . C O C O 5 . C C 0 C L
1 4 4 0 . 0  N 0.0 N 0 . 0  N O . C  N O . C  N 0 . 0  N 0.0 N 0.0 N 5 . C O C O C . C  N
1 4 5 0 .0  .Ni c . o N C . O  N 0 . 0  N 5 . 0 0 C 0 0 . 0  N 1 C . C C C C 0.0 N 5 . C C C 0 1 0 C . C C C 0
1 4 6 0 .0  ,N c . o N 5 . C O C O l O . C C O O 1 5 . C O C O 2 0 . 0 0 0 0 0.0 N 0.0 N 2 . 5 C 0 0 L 5 . C C 0 0 L
1 4 7 0 .0  N c . o N 5 . 0 0 0 0 5 0 . 0 0 0 0 1 5 . 0 C C 0 l O . O O O O L C . C N 0.0 N 1 5 . C O C O C . O  N
1 4 8 0 . 0  N 0.0 N 2 . 5 C C C L 2 0 . C 0 0 0 2 . 5 C 0 0 L l O . O O O O L O . C N C . O N 1 C . C O C O 5 . C C C O L
1 4 9 0 . 5 0 0 0 L 0.0 N 1 5 . 0 0 C C 7 0 . C C 0 0 1 0 0 . C C C C 2 O . O C 0 O 0.0 N c.o N 3 C . C 0 0 0 5 . C C C C L







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































S A M P L E   S B P P M   S C P P M  S N   P P M   S R P P M   V P P M  W P P M  Y P P M  Z N P P M  Z R P P
1 0 1  0 . 0  N  2 0. 0 0 0 0  0 . 0  N  2 0 0. C C C 0  2 0 0. C C C 0  0 . 0  N  3 0. 0 C C 0  0 . 0  N  1 5 C. C 0 C 0
R O C K  S M P L  E L E M E N T S
SAMPLE FE PC T MG PC T CA PC T t i  p e r MN PPM AG PPM
1 5 1 5 . 0 0 0 0 1 . 0 0 0 0 2 . 0 0 0 0 0 . 5 0 0 0 3 0 0 . 0 C C C 7 . C O C O
1 5 2 5 . 0 0 0 0 1 . 5 C C 0 2 . C O C O 0 . 3 0 0 0 2 0 0 . 0 0 C C 0 . 2 5 0 0 L
1 5 3 5 . 0 0 0 0 1 . o c o o 2 . 0 0 0 0 0 . 5 0 0 0 2 0 C . 0 0 C C 0 . 2 5 C 0 L
1 5 4 1 . 5 C C 0 0 . 3 0 0 0 l . O O C O 0 . 0 7 0 0 1 0 0 . 0 0 0 0 0 . 5 C 0 0
1 5 5 0 . 1 0 0 0 0 . 0 2 0 0 C . 2 0 0 0 0 . 0 0 5 0 5 C . C C C 0 0 . 0  N
1 5 6 1 0 . 0 0 0 0 2 . 0 C 0 C 5 . 0 0 0 0 0 . 5 0 C C 1 0 0 0 . C O C O 0 . 2 5 0 0 L
1 5 7 3 . 0 0 0 0 1 . 5 C 0 0 1 . 5 0 0 0 0 . 3 0 C 0 5 0 0 . 0 0 0 0 0 . 0  N
1 5 8 1 5 . 0 0 0 0 5 . 0 0 0 0 5 . O C O O l . C C O O 1 0 0 0 . C O C O 0 . 2 5 0 0 L
1 5 9 0 . 3 0 0 0 0 . 0 2 0 0 G . 0 3 C 0 L O . O O I O L 3 0 . O C O O 0 . 0  N
1 6 0 5 . 0 0 0 0 l . 5 0 0 0 2 . C O C O 0 . 5 C C 0 1 5 0 0 . 0 0 0 0 0 . 2 5 0 0 L
1 6 1 1 0 . 0 0 0 0 5 . 0 0 0 0 5 . C O C O 0 . 7 C C C 7 0 0 . C O C O 0 . 0  N
1 6 2 3 . C O C O 3 . 0 0 0 0 2 0 . 0 0 0 0 C . 0 7 0 0 1 C 0 C . C 0 C C C . O  N
1 6 3 3 . 0 0 0 0 1 . 0 0 0 0 1 . 5 0 0 0 0 . 3 0 0 0 5 0 0 . 0 0 0 0 0 . 0  N
1 6 4 5 . 0 0 0 0 1 . 5 0 0 0 3 . 0 0 0 0 0 . 3 0 0 0 5 0 C . C C C C C . O  N
1 6 5 5 . 0 0 0 0 1 . 5 0 0 0 5 . 0 0 0 0 0 . 3 C 0 0 1 C C 0 . 0 C C 0 0 . 0  N
1 6 6 5 . 0 0 0 0 1 . 5 0 0 0 5 . O C O O 0 . 3 0 0 0 7 0 0 . 0 0 0 0 0 . 0  N
1 6 7 5 . C O C O 1 . 5 0 0 0 3 . 0 0 0 0 C . 5 0 0 0 7 C 0 . C 0 C C C . O  N
1 6 8 5 . C O C O 2 . 0 0 0 0 5 . 0 0 0 0 0 . 3 0 0 0 7 0 0 . C O C O 0 . 0  N
1 6 9 3 . 0 0 0 0 1 . 0 0 0 0 2 . 0 0 0 0 0 . 3 C C 0 7 0 0 . C O C O 0 . 0  N
1 7 0 3 . 0 0 0 0 2 . 0 0 0 0 1 0 . 0 0 0 0 C . 2 C C 0 7 0 0 . C O C O 0 . 0  N
1 7 1 5 . 0 0 C 0 1 . 0 0 0 0 5 . 0 0 C 0 C . 5 0 0 0 1 0 0 0 . 0 0 0 0 0 . 0  N
1 7 2 1 . 5 0 0 0 2 . 0 0 0 0 5 . 0 0 C 0 0 . C 7 C 0 2 0 C . C C C 0 0 . 0  N
1 7 3 5 . 0 0 0 0 1 . 0 0 0 0 1 0 . 0 0 0 0 0 . 2 0 0 0 1 C 0 C . C C C C C . O  N
1 7 4 5 . 0 0 0 0 1 . 0 0 0 0 5 . C O C O 0 . 5 0 0 0 1 0 0 0 . 0 0 0 0 0 . 0  N
1 7 5 5 . 0 0 0 0 1 . 0 0 0 0 5 . 0 0 0 0 0 . 3 0 0 0 7 0 C . C C C C 0 . 5 0 0 0
1 7 6 5 . 0 0 0 0 2 . O C O O 7 . 0 0 0 0 C . 3 C C 0 7 0 0 . C O C O C . C  N
1 7 7 5 . 0 0 0 0 l . C C O O 3 . C O C O 0 . 3 0 0 0 7 0 0 . 0 0 0 0 2 . 0 0 0 0
1 7 8 5 . 0 0 0 0 1 . 0 0 0 0 5 . 0 0 0 0 C . 3 0 0 0 7 0 0 . C O C O 0 . 0  N
1 7 9 5 . 0 0 0 0 1 . 0 0 0 0 5 . 0 0 0 0 0 . 5 C C 0 7 0 0 . C O C O C . O  N
1 8 0 3 . 0 0 0 0 1 . 5 0 0 0 5 . O C O O 0 . 3 C C 0 7 0 0 . O C O O 0 . 0  N
1 8 1 3 . 0 0 0 0 1 . 0 0 0 0 2 . 0 0 0 0 C . 3 C C 0 7 0 0 . O C O O 0 . 0  N
1 8 ? 0 . 5 0 0 0 0 . 2 0 0 0 1 0 . 0 0 0 0 0 . 0 5 0 0 1 C C C . C C C C 0 . 2 5 C 0 L
1 8 3 3 . 0 0 0 0 0 . 5 0 0 0 l . O O C O 0 . 2 C C 0 3 0 0 . 0 0 0 0 1 . 5 0 0 0
1 8 4 3 . 0 0 0 0 0 . 2 0 0 0 5 . C O C O 0 . 1 5 0 0 7 0 0 . C O C O 1. 5 0 0 0
1 8 5 3 . 0 0 0 0 0 . 7 0 0 0 3 . 0 0 0 0 C . 3 C C 0 7 0 0 . O C O O 0 . 0  N
1 8 6 1 5 . C 0 0 0 0 . 5 0 0 0 1 . 5 0 0 0 0 . 1 5 0 0 7 0 0 . 0 0 0 0 1 . 5 0 0 0
1 8 7 1 . 0 0 0 0 0 . 1 0 0 0 2 . 0 0 0 0 0 . 0 5 0 0 2 0 0 . C O C O 3 0 . C O C O
1 8 8 3 . 0 C C 0 0 . 5 0 0 0 C . 5 0 0 0 0 . 2 0 0 0 1 5 0 . O C O O 0 . 7 0 C 0
1 8 9 5 . C O C O 0 . 7 0 C C l . 5 0 0 0 C . 3 C C 0 5 0 0 . 0 0 0 0 0 . 5 0 0 0
1 9 0 5 . 0 0 0 0 0 . 7 0 0 0 1 . 5 C C 0 C . 2 C C C 5 0 C . C C C C 3 0 . 0 0 0 0
191 5 . 0 0 0 0 1 . 0 0 0 0 3 . 0 0 0 0 0 . 2 0 0 0 7 0 0 . C O C O 0 . 0  N
1 9 2 2 . 0 0 0 0 C . 7 0 0 0 1 . 0 0 0 0 C . 2 C C 0 2 0 0 . O C O O 0 . 0  N
1 9 3 2 . 0 0 0 0 0 . 7 0 0 0 l . O O C O 0 . 1 5 0 0 3 0 0 . C O C O 0 . 0  N
1 9 4 5 . U 0 C C 1 . 5 0 0 0 1 . 5 0 0 0 C . 3 C C 0 7 0 0 . C O C O 0 . 0  N
1 9 5 3 . 0 0 0 0 1 . 5 0 0 0 3 . 0 0 0 0 0 . 3 0 0 0 7 0 0 . O C O O 0 . 0  N
1 9 6 3 . 0 0 0 0 1 . 0 0 0 0 1 . 5 0 0 0 C . 3 0 0 0 5 0 C . C C C 0 C . O  N
1 9 7 3 . Q C 0 C l . C C O O 3 . 0 0 C 0 C . 5 0 0 0 7 0 0 . C O C O 0 . 0  N
1 9 8 0 . 5 0 0 0 C . 0 2 0 0 C . 0 3 C O L 0 . C 1 C 0 5 0 . 0 0 0 0 C . C  N
1 9 9 3 . C C 0 C 1 . 0 0 0 0 1 . 5 0 0 0 0 . 3 0 0 0 7 0 0 . 0 0 0 0 0 . 0  N
2 0 0 3 . 0 0 0 0 l . C O O O l . O O C O 0 . 5 0 0 0 7 0 0 . C O C O 0 . 0  N
AS AU P P P B F P H BA PPH
0.0 N 0.0 Is 5 . C 0 C 0 L 2 0 C . 0 C 0 0
0.0 N C . O N 5 . C C C C L 5 C C . C C C C
o.c N C . O N 5 . C 0 C 0 L 5 C C . C C C C
7 0 0 . C O C O C . O N 1 5 C C . C C C 0 3 0 . C C C C
0.0 N C . O N 5 . 0 0 0 0 L C . O  N
o.c N C . O N 3 0 . C O C O 3 C 0 0 . 0 C 0 0
o.c N 0.0 N 1 C . C O C O 1 C 0 C . C C 0 0
0.0 N 0.0 N 3 C . C O C O 1 C C C . C C C C
1 C C . C C C C L C . O N C . C  N 3 C . 0 0 0 0
0.0 N C . O N 5 . C C C C L 1 5 C C . C C C 0
C . C N 0.0 N 3 0 . C O C O 7 C C . C C C 0
o.c N 0.0 N 1 C . C C C 0 I C C . O C O O
0.0 N 0.0 N 1 0 . C O C O 5 C C . C C C 0
C . C N 0.0 N 7 0 0 . 0 0 0 0 1 C C . C C C C
C . O N C . O N 3 0 0 . C O C O 3 C 0 . 0 C 0 0
0.0 N C . O N I C C . C O C O 3 C C . C C C 0
C . C N 0.0 N 5 0 . C O C O 5 0 C . C C 0 0
O . C N C . O N 5 C . C C C 0 3 C C . C C 0 C
0.0 N C . O N 5 C . C C C 0 5 C C . C C C 0
O . C N C . O N 3 0 . C O C O 2 C C . C C C C
0.0 N 0.0 N 5 0 . 0 0 0 0 3 C 0 . 0 C C 0
O . C N C . O N 1 0 . C O C O 7 C . C C C 0
C . C N 0.0 N 5 0 . C O C O 5 C O . C C C O
0.0 N 0.0 N 2 C . C 0 C 0 5 C 0 . C C 0 0
0.0 N 0.0 N 5 0 . C O C O 5 C C . C C C 0
0.0 N C . O N 3 0 . C O C O 5 C C . C C C 0
0.0 N 0.0 N 1 C O . C O O O 5 C C . C C O O
0.0 N 0.0 N 5 C . C 0 C C 5 C C . C C C C
O . C N C . O IS 3 C . C C C 0 5 C C . C 0 0 0
0.0 N 0.0 N 2 C . C 0 C 0 5 C C . C C O O
0.0 N C . O N 5 . C 0 0 0 L 2 C C . C C C 0
C . C N 0.0 N 5 . C C C 0 L 2 0 .  C O C O
0.0 N C . O N 5 . O C C 0 L 1 5 C . C C C 0
0.0 N 0.0 N 5 0 . C O C O 7 C C . C C C C
0.0 N 0.0 N 1 5 . C O C O 5 C C . C C C 0
o.c N 0.0 N 5 . C 0 C 0 L 5 C . C C C C
7 0 0 . O C O O C . O K 5 . C 0 C 0 L I C C . C O C O
1 C C . C C C C L C . O N 1 0 . C O C O 3 C C . C C 0 C
o.c N C . O N 1 C . C C C 0 7 C C . C C C C
2 0 0 . O C O O 0.0 N 5 . 0 0 0 0 L 5 0 C . C C 0 C
C . C N C . C N 3 C C . C 0 0 0 7 C 0 . C C 0 0
0.0 N 0.0 N 3 C . C C C 0 5 C C . C C C 0
C . C N 0.0 N 2 0 . C O C O 5 C C . C C C C
C . C N 0.0 N l O . C C O O 5 C C . C C 0 C
0.0 N 0.0 N 1 0 . C C C 0 3 C C . C C C 0
C . C N 0.0 N l O . C C O O 7 C O . C C C O
0.0 N 0.0 N 1 C . C O C O 3 C C . 0 C 0 0
0.0 N C . O N 5 . C 0 C C L 1 C . C C C C L
o.c N C . O N 5 . C C C 0 L 5 C C . C C C 0
0.0 N C . O N 1 5 . C O C O 3 C C . C C C 0











































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1 5 1   0 . 5 0 0 0 L   0 . 0   N   1 C . 0 0 0 0   0 . 0   N   2 0 0 C . 0 C C 0   3 0 . C C C 0   0 . C   N   0 . 0   N  1 5 . C O C O
a mpl e S B P P M S C  P P M S  N P P M S R  P P M
1 5 1 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 3 0 C . C C C 0
1 5 2 0 . 0 N 1 5 . C C 0 C 0 . 0 N 5 C 0 . C 0 0 0
1 5 3 0 . 0 iN l O . C O O O 0 . 0 N 3 0 C . 0 0 0 0
1 5 4 0 . 0 N 7 . 0 C 0 0 C . 0 6 0 0 N 5 0 . 0 0 C 0 L
1 5 5 0 . 0 N 0 . 0  N C . O N 0 . 0  N
1 5 6 0 . 0 N 1 5 . 0 0 0 0 C . O N 7 0 0 . 0 0 0 0
1 5 7 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 3 0 0 . 0 0 0 0
1 5 8 0 . 0 N 3 0 .0 0 0 0 0 . 0 N 2 0 0 . 0 0 0 0
1 5 9 0 . 0 •N 2 . 5 0 0 0 L 0 . 0 N 5 0 . C 0 0 C L
1 6 0 0 . 0 N 1 0 . 0 0 0 0 C . O N 7 C 0 . C C 0 0
1 6 1 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N 5 C O . C C O O
1 6 2 0 . 0 N 1 0 . 0 0 0 0 0 . 0 N 1 0 0 0 . C C C O
1 6 3 0 . 0 N 1 5 . C O C O 0 . 0 N 3 C C . C C 0 0
1 6 4 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 5 0 0 . O C O O
1 6 5 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 3 C O . O O O O
1 6 6 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 7 C O . C O O O
1 6 7 0 . 0 N 2 0 . C 0 0 0 0 . 0 N 5 0 0 . C C 0 O
1 6 8 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 3 C O . O C O O
1 6 9 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 3 0 0 . O C C O
1 7 0 0 . 0 N 1 0 . 0 0 0 0 0 . 0 iN 7 C O . C C O O
1 7 1 0 . 0 N 2 0 . 0 0 C 0 5 . 0 0 C 0 L 5 0 0 . O C C O
1 7 2 0 . 0 N 7 . 0 0 0 0 0 . 0 N 1 0 C C . C C C O
1 7 3  . 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 3 0 0 . C C 0 0
1 7 4 0 . 0 N 1 5 . 0 0 0 0 C . O N 7 0 0 . O C C O
1 7 5 0 . 0 N  . 1 5 . 0 0 0 0 0 . 0 N 3 0 0 . O C C O
1 7 6 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 5 0 0 . C O C O
1 7 7 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 3 0 0 . C C O O
1 7 8 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 2 0 C . C C 0 0
1 7 9 0 . 0 N 2 C . C 0 0 0 C . O N 2 0 0 . C C O O
1 8 0 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 2 0 0 . O C C O
1 8 1 0 . 0 N 1 5 . C O O O 0 . 0 N 2 0 0 . O C C O
1 8 2 0 . 0 N 5 . C 0 0 0 C . O N 1 0 0 0 . C C O O
1 8 3 0 . 0 N 1 0 . 0 C 0 0 C . O N 1 5 0 . 0 0 0 0
1 8 4 0 . 0 N 7 . 0 0 0 0 C . O N 1 5 0 . C C C O
1 8 5 0 . 0 'N 2 0 . 0 0 0 0 C . O N 3 C C . O C C O
1 8 6 0 . 0 N l O . C C O O 0 . 0 N 1 0 0 . C C O O
1 8 7 0 . 0 N 5 . 0 0 0 0 0 . 0 N 2 0 0 . O C O O
1 8 8 0 . 0 1 0 . 0 0 0 0 0 . 0 N I O C . C O C O
1 8 9 0 . 0 N 1 5 . C C 0 C 0 . 0 N 5 0 0 . C O C O
1 9 0 0 . 0 N 1 5 . C O C O C . O N 3 0 0 . C C C O
1 9 1 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 3 C C . C C C 0
1 9 2 C . O N 1 C . C 0 0 0 0 . 0 N 2 0 0 . C C C O
1 9 3 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 2 0 0 . O C O O
1 9 4 0 . 0 N 2 0 . C C 0 0 C . O N 3 0 0 . C C C O
1 9 5 0 . 0 N 1 5 . 0 C 0 0 C . O N 5 C C . C C C G
1 9 6 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 5 0 0 . C C C O
1 9 7 0 . 0 N 1 5 . C O O O C . O N 3 0 0 . C C C O
1 9 8 0 . 0 N 0 . 0  N 0 . 0 N 0 . 0  N
1 9 9 0 . 0 a I C . O O C O C . O N 3 0 0 . C C O O
2 0 0 0 . 0 M 2 0 . 0 0 0 0 C . O
N 3 0 C . C C C 0




1 0 0 . C C C 0  
5 0 . C C C 0  
0 . 0  N 
2 0 0 . C O C O
200.0000
5 0 0 . 0 0 0 0  
1 0 . C C C C
1 5 C . 0 C C 0
200 .0000
7 C . C C C 0
2 0 0 . C O C O
200.0000 
1 5 0 . C C C O  
2 0 G . C C C C  
2 0 0 . C O C O  
2 0 C . C C C 0  
2 0 0 . C C C 0  
L 5 C . 0 0 C 0  
2 0 0 . C O C O  
5 0 . C C C C  
1 0 0 . C O C O
1 5 0 . 0 0 0 0  
1 5 0 . C O C O  
1 5 C . O C C O  
1 5 C . 0 C C 0  
2 0 0 . 0 C C O  
2 0 0 . 0 C C C  
1 5 C . 0 0 C 0  
1 O C . C C C 0
2 C . C C C C
100.0000 
1 5 C . C C C C  
2 0 0 . C C C 0  
1 5 C . 0 C C 0
1 5 . 0 C 0 0
1 0 C . C C C C
1 5 0 . 0 C C O
1 5 C . O O O O
2 0 C . C C C 0
1 5 0 . C 0 C C
1 5 0 . 0 0 0 0  
2 O 0 . C C 0 0  
1 5 C . C C C C  
1 5 0 . 0 0 C C  
2 0 C . C C C C
5 . C 0 G 0 L
1 5 0 . 0 0 0 0  
2 0 C . C C C C
w PPM
C . O N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
C . O N
2 5 . 0 0 C 0 L
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
C . O N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
C . C N
C . O N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
C . O N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
C . O N
0 . 0 N
0 . 0 N
C . O N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N






0 . 0  N 
2 0 . C C 0 0  
1 5 . C O C O  
3 0 . C C 0 0
5 . C C C 0 L  
1 5 . C C C 0  
2 0 . C C C 0  
1 5 . C C C 0  
2 C . C C C 0  
3 0 . C C C 0  
2 O . 0 C O O  
2 0 . C O C O  
2 0 . C C C 0  
2 0 . C C 0 0  
1 5 . C C C 0  
1 5 . C C C 0
1 5 . 0 0 0 0  
1 C . C C C 0  
3 0 . C C C 0
2 0 . 0 0 0 0  
2 C . C C C 0  
2 0 . C C C 0  
2 O . C C 0 O  
2 0 . C O C O  
2 0 . C C C 0
20.0000 
1 0 . 0 C C 0  
2 C . C C C 0  
l O . C C O O  
1 0 . C C C 0  
1 5 . C C C 0  
1 0 . C C C O
5 . C C C 0 L  
1 C . C O C O  
1 5 . C C C 0  
1 5 . C C C 0  
1 5 . C C C 0  
1 5 . C C C 0  
1 5 . C C 0 0  
1 5 . C O C O  
1 5 . C C C 0  
1 5 . C O C O  
1 5 . C O C O
C . C  N 
1 5 . C O C O  
1 5 . C C C 0
Z N PPM
2 0 0 . 0 0 0 0
C . O N
0 . 0 N
C . O K
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
0 . 0 N
1 0 C . C C C C L
0 . 0 N
C . O N
C . O N
0 . 0 N
0 . 0 N
C . O N
0 . 0 N
C . O N
C . O N
C . C N
C . O N
C . O N
C . O N
0 . 0 N
0 . 0 N
C . O N
C . O N
0 . 0 N
C . O N
0 . 0 N
0 . 0 N
C . O N
0 . 0 N
C . O N
0 . 0 N
C . O N
0 . 0 N
0 . 0 N
0 . 0 N
C . O N
0 . 0 N
C . O N
0 . 0 N
C . O N
C . O N
0 . 0 N
0 . 0 N
C . O N
0 . 0 N
0 . 0 N
ZR PPM 
1 0 0 . COCO 
7 0 . C O C O  
I O C . c o c o  
2 C . C 0 0 0  
C . O  N 
3 O O . C O 0 O
1 0 0 . 0 0 0 0  
3 C C . C C C 0  
C . O  N 
1 5 C . C C C 0  
I C C . C O C O  
2 C . C C 0 0  
I C C . C O C O  
1 C C . C C C 0  
7 C . C O C O  
7 0 . C C O O  
7 0 . C C C O  
7 0 . C O C O  
I C C . C O C O  
5 C . C C C 0  
5 C . C C C 0  
1 5 . C O C O  
1 5 C . C 0 C 0  
1 0 C . C C C C  
I C C . C O C O  
5 C . C C C 0  
1 C C . C C C 0  
I C C . C O C O  
7 C . C C C 0  
7 C . C 0 C C  
7 C . C 0 C 0  
1 C . C O C O  
I C C . C O C O  
2 C . C C C C
7 0 . 0 0 0 0  
7 C . C 0 C 0  
1 C . C C C 0  
1 C C . C O O O  
1 5 C . C C C 0
ICO.coco
5 0 . C C C 0  
5 C . C C C 0  
5 C . C C C 0  
5 C . C C C 0  
7 C . C C 0 0  
5 C . C 0 C 0  
7 0 . C 0 0 0  
C . O  l\ 
1 C C . O O C O  
1 5 0 . C O C O 323
R O C K  S K P L  E L E M E N T S
SAMPLE FE PC T MG PC T CA PC T TI PCT MN PPM AG PPM AS PPM AU PPM 8 PPM BA PPf
201 5 . 0 0 0 0 1 . 5 0 0 0 1 . 5 C C 0 0 . 5 0 0 0 7 0 0 . C O C O 0 . 0 N 0 . 0 N 0 . 0 N 2 0 . C O C O 7 C C . C C C 0
202 2 . 0 0 0 0 0 . 3 0 0 0 1 . 5 C C O 0 . 3 0 0 0 5 0 0 . 0 0 C O 0 . 0 N c . c N 0 . 0 M 5 . C 0 C 0 L 1 5 C . C C C 0
2 0 3 5 . C O C O 5 . 0 0 0 0 1 0 . C O C O 0 . C 1 C 0 7 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N o.c N C . O  N 2 C . C C C C
2 0 4 5 . 0 0 0 0 2 . 0 0 0 0 2 . 0 0 C 0 C . 5 C 0 0 7 0 0 . C O C O 0 . 0 N 0 . 0 N c .o N 5 . C 0 C C L 7 C C . C C C 0
2 0 5 5 . 0 0 C 0 1 . 5 0 0 0 5 . 0 0 0 0 0 . 3 0 C 0 7 0 0 . C O C O 0 . 0 N c . c N 0 . 0 N 1 0 . C C 0 0 2 C C . C C 0 0
2 0 6 3 . 0 0 0 0 1 . 5 C 0 0 5 . 0 0 0 0 0 . 3 0 0 0 7 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 7 0 . C O O O 3 0 C . C 0 C 0
2 0 7 3 . 0 0 0 0 3 . 0 0 0 0 1 C . C 0 0 0 0 . 1 5 0 0 7 0 0 . 0 0 C O 0 . 0 N 0 . 0 N 0 . 0 N 2 0 . C O C O 2 C C . C C C 0
2 0 8 3 . 0 0 0 0 l . 5 0 0 0 5 . 0 0 C 0 0 . 3 C C 0 7 0 C . 0 C C 0 0 . 0 N c.o N c .o N 2 C . C C O O 2 C C . C C 0 0
2 0 9 3 . 0 0 0 0 1 . 0 0 0 0 3 . 0 0 0 0 0 . 3 0 0 0 7 0 0 . 0 C C C 0 . 0 N 0 . 0 N 0 . 0 N 3 0 . C O C O 2 C C . C C 0 0
2 1 0 3 . 0 0 0 0 2 . 0 0 0 0 5 . 0 0 0 0 0 . 3 C 0 0 7 0 0 . C C C C 0 . 0 N 0 . 0 N c .o N 2 C . C C C 0 1 5 0 . C C C C
2 1 1 5 . 0 0 0 0 0 . 5 0 0 0 3 . 0 0 0 0 C . 3 C C O 7 C C . C C C C c.o N c . c N c .o N 1 5 . C O C O 5 C C . C C 0 0
2 1 2 5 . 0 0 0 0 2 . 0 0 0 0 5 . C O C O 0 . 3 0 0 0 1 0 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 2 0 . C O C O 3 C C . C C 0 C
2 1 3 7 . 0 0 0 0 7 . 0 0 0 0 2 0 . 0 0 0 0 G 0 . 3 C C 0 1 5 0 0 . C O C O 0 . 0 N c . c N 0 . 0 N 7 C . C O O O 3 C O . O C C O
2 1 4 5 . 0 0 0 0 2 . 0 0 0 0 7 . 0 0 C 0 0 . 3 0 0 C 7 0 0 . 0 0 0 0 c.o N 0 . 0 N 0 . 0 N 2 C . C C C 0 1 C C . C C C 0
2 1 5 1 5 . 0 0 0 0 5 . C 0 0 0 5 . 0 0 0 0 1 . C 0 0 0 1 0 0 0 . 0 0 0 0 0 . 2 5 0 0 L o.c N c.o N 3 0 . C C O O 1 5 C C . C C C C
2 1 6 1 5 . 0 0 0 0 5 . 0 0 0 0 1 0 . 0 0 0 0 0 . 7 0 0 0 1 5 0 0 . C C C C C . 2 5 C 0 L 0 . 0 N 0 . 0 N 3 C . 0 0 0 0 3 C C . C C 0 C
2 1 7 1 0 . 0 0 0 0 5 . 0 0 0 0 7 . 0 0 0 0 0 . 7 C 0 0 7 0 0 . C O C O C . O N c . c N c .o N 1 5 . C O O O 7 C C . C C C 0
2 1 8 7 . C 0 0 0 7 . 0 C C 0 2 0 . C O C O G 0 . 3 0 0 0 1 C 0 0 . 0 C C 0 0 . 0 N 0 . 0 N c . c N I C C . C O C O 5 C C . C C C C
2 1 9 1 5 . 0 0 0 0 3 . 0 0 0 0 3 . 0 0 0 0 C . 7 0 0 0 3 0 0 . C C 0 C 0 . 5 C 0 0 0 . 0 N c .o N 7 0 . 0 0 0 0 1 0 C C . C C C 0
2 2 0 3 . 0 0 0 0 2 . 0 0 0 0 1 5 . 0 0 0 0 0 . 5 0 0 0 7 0 0 . C O C O C . O N 0 . 0 N c .o N 3 C . C O C O 3 C C . C C 0 0
2 2 1 7 . 0 0 0 0 1 . 0 0 0 0 3 . C O C O 0 . 5 C C 0 7 0 0 . 0 0 C C C . O N 0 . 0 N c .o N I O C . C O C O 5 C C . C C C C
2 2 2 5 . 0 0 0 0 1 . 5 0 0 0 5 . 0 0 C C C . 5 0 0 0 7 0 C . 0 C C 0 c.o N c.o N c.o N 2 C . C 0 C 0 7 C C . C C C 0
2 2 3 3 . 0 0 0 0 1 . 0 0 0 0 5 . 0 0 C 0 0 . 5 C C 0 7 0 0 . C O C O 0 . 0 N c . c N 0 . 0 N 3 0 . C O C O 5 C 0 . C C 0 0
2 2 4 5 . 0 0 0 0 2 . 0 0 0 0 5 . 0 0 C 0 0 . 3 C C 0 7 0 0 . C O C O 0 . 0 N 0 . 0 N 0 . 0 N 3 0 . C O C O 3 C C . C C 0 0
2 2 5 } . 0 0 0 0 1 . 0 0 0 0 3 . 0 C 0 0 C . 3 C C 0 7 0 C . C 0 C C C . O N o.c N 0 . 0 N 3 0 . C O C O 7 C C . C C C 0
2 2 6 7 . 0 0 0 0 l . O C O O 5 . 0 0 C 0 0 . 5 0 0 0 7 0 0 . C O C O c.o N c .c N c .o N 2 0 . C O C O 3 C C . C C C 0
2 2 7 7 . 0 0 0 0 1 . 0 0 0 0 1 0 . C C C 0 C . 2 0 0 0 1 0 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 2 C . C C C 0 2 C C . C C C C
2 2 8 5 . 0 0 C C 1 . 0 0 0 0 3 . 0 0 0 0 0 . 5 C 0 0 7 0 C . C C C 0 c.o N c .c N 0 . 0 N 2 C C . C C C 0 7 C C . C C C 0
2 2 9 5 . 0 0 0 0 1 . 5 0 0 0 2 . C 0 0 0 0 . 3 0 0 0 7 0 0 . C O C O 0 . 0 N 0 . 0 N c.o N 1 5 . C O C O 1 C C O . C C O O
2 3 0 5 . C 0 0 0 2 . 0 0 0 0 1 0 . C O C O 0 . 2 0 0 0 1 0 0 0 . o o c o 0 . 0 N 0 . 0 N c .o N 7 0 . C C C 0 2 C C . C C C C
2 3 1 5 . 0 0 0 0 0 . 7 0 0 0 3 . 0 0 0 0 0 . 5 0 0 0 7 C C . C C C C c.o N o.c N 0 . 0 6i 7 C . C 0 C 0 7 C . 0 C C 0
2 3 2 3 . 0 0 0 0 2 . 0 0 0 0 5 . 0 0 C O 0 . 3 0 0 0 7 0 0 . C C C C 0 . 0 N o.c N c .o N 5 C . C 0 0 0 2 C 0 . C C 0 0
2 3 3 7 . 0 0 0 0 2 . 0 0 0 0 1 . 5 0 0 0 C . 5 0 C 0 7 0 0 . C O C O 0 . 0 N 0 . 0 N 0 . 0 N 7 C . C C C 0 5 C C . C C C C
2 3 4 5 . 0 0 0 0 3 . C 0 0 0 5 . 0 0 0 0 C . 3 0 0 0 1 0 0 C . C C C C c . c N o.c N 0 . 0 N 2 0 . 0 0 0 0 5 C C . C C C 0
2 3 5 7 . 0 0 0 0 2 . 0 0 0 0 3 . 0 0 0 0 0 . 7 0 0 0 7 0 0 . C O C O 0 . 0 N c .c N c.o N 1 0 . C O C O 7 C C . C C C 0
2 3 6 3 . 0 0 0 0 2 . 0 0 0 0 7 . 0 0 0 0 0 . 1 0 0 0 7 0 0 . C O C O c.o N 0 . 0 N 0 . 0 N 1 C . C C C 0 1 5 C C . C C 0 C
2 3 7 1 0 . 0 0 0 0 2 • 0 0 0 0 7 . 0 0 C 0 1 . C C C 0 1 5 0 0 . C O C O c .o N c .c N c .o N 2 C . C O C O 5 C C . C C C 0
2 3 8 1 5 . 0 0 0 0 3 . 0 0 0 0 3 . 0 0 0 0 l . C C C O 1 5 0 0 . O C C O c.o N o.c N 0 . 0 N I C . C O C O 7 C C . C C O O
2 3 9 2 . 0 0 0 0 l . O C O O 2 C . 0 C C 0 0 . 1 5 0 0 1 5 0 0 . O O C C 0 . 0 N 0 . 0 N c .o N 5 . C C C C L 2 C C . C C C C
2 4 0 1 . 0 0 0 0 0 . 1 5 0 0 1 . 5 0 0 0 0 . C 7 C 0 3 0 C . C C C C 0 . 0 N o.c N c .o N I C . C C C O 7 0 . O C C O
2 4 1 7 . 0 0 0 0 1 . 5 C O O 3 . 0 0 C 0 0 . 7 0 C O 7 0 0 . 0 0 0 0 0 . 0 N o.c N c.o N 1 5 . C O C O 1 0 C C . C C C 0
2 4 2 3 . 0 0 0 0 0 . 7 0 0 0 1 . 5 0 C C 0 . 5 0 0 0 2 0 0 . C C C C 0 . 0 N 0 . 0 N 0 . 0 N 7 C . C C C 0 1 5 C C . C C C 0
2 4 3 2 . 0 0 0 0 1 . 0 0 0 0 1 C . 0 0 0 0 0 . 2 0 0 0 7 C 0 . C C C C C . O N o.c N 0 . 0 N I C . C O C O 2 0 0 . O C C O
2 4 4 1 . 5 0 0 0 0 . 7 0 0 0 2 . C O C O 0 . 3 0 0 0 7 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 5 0 C . C C C 0 1 5 C . C C C 0
2 4 5 1 0 . 0 0 0 0 2 . c o o n 5 . 0 0 0 0 l . C O O O 1 0 0 0 . O O C C 0 . 0 N 0 . 0 N 0 . 0 N I C . C O C O 3 C C . C C C 0
2 3 6 1 . 0 0 0 0 C . 3 0 0 C 2 0 . 0 0 0 0 0 . 0  N 7 0 0 . C O C O 0 . 0 N o.c N c.o N 5 . C C C 0 L 7 0 . C C C C
2 4 7 1 5 . 0 0 0 0 1 . 5 0 0 0 2 . 0 0 C O 0 . 5 0 0 0 7 0 0 . 0 0 0 0 0 . 0 N o.c N 0 . 0 N 2 0 . C O C O 7 C C . C C C C
2 4 8 3 . 0 0 0 0 0 . 7 C 0 0 3 . 0 0 0 0 0 . 3 0 0 0 1 0 0 0 . 0 0 0 0 0 . 0 N 0.0 N c.o N 2 C 0 . C C C 0 7 C C . C C 0 0
2 4 9 5 . 0 0 0 0 1.0000 3 . 0 0 0 0 0 . 5 0 0 0 5 0 0 . C O C O 0.0 N o.c N c.o N 5 C . C C C 0 1 C C C . C C 0 C
2 5 0 5 . 0 0 0 0 C . 7 0 0 0 0 . 7 0 0 0 0 . 7 0 0 0 2 0 C . C C C C C . O N c .c N c.o M 7 C . C 0 C 0 2 C C C . C C C C
R O C K  S M P L  E L E M E N T S
S A M P L E B E PPM 61 PPM C O  PPM C R  PPM C U  PPM LA PPM
2 0 1 0 . 0 N 0 . 0 N 7 . 0 0 C 0 1 C 0 . C C 0 0 2 0 . 0 C C C 2 0 . 0 0 0 0
2 0 2 0 . 0 N 0 . 0 N 1 0 . 0 0 C C 5 0 . 0 0 0 0 2 0 . 0 0 0 0 1 C . C C C 0 L
2 3 0 0 . 0 N c . o N C . O  N 1 0 . 0 0 0 0 0 . 0  N 0 . 0  N
2 0 4 0 . 0 N 0 . 0 N 2 0 . 0 0 0 0 2 0 . C C C O 1 0 0 . C C C O 1 0 . 0 0 0 0 L
2 0 5 0 . 0 N 0 . 0 N 1 5 . C O C O 7 0 . 0 0 0 0 3 0 . 0 0 0 0 1 0 . 0 0 0 0 L
2 0 6 0 . 5 0 0 0 L 0 . 0 N 1 0 . 0 0 0 0 3 0 . 0 0 0 0 2 0 . 0 C C C l O . C O O O L
2 0 7 0 . 0 N c . o N 1 0 . C O C C 2 C . C C C 0 7 . C C C O 1 0 . C C C 0 L
2 0 8 0 . 0 N 0 . 0 N 1 0 . C O C O 7 C . C C 0 0 3 C . C C C 0 1 0 . 0 0 0 0 L
2 0 9 0 . 0 N 0 . 0 N 1 C . O O C O 3 0 . 0 0 0 0 2 C . C C C C 2 0 . 0 0 0 0
2 1 0 O . C N c . o N 1 0 . 0 0 C 0 5 0 . 0 0 0 0 3 0 . 0 0 0 0 1 0 . C C C 0 L
2 1 1 0 . 0 M 0 . 0 N 1 5 . 0 0 C 0 1 0 0 . 0 0 0 0 3 0 . 0 0 0 0 1 0 . 0 0 0 0 L
2 1 2 0 . 0 N 0 . 0 N 1 0 . 0 0 0 0 7 0 . 0 0 0 0 3 0 . C 0 0 C l O . C O O O L
2 1 3 0 . 0 N 0 . 0 N 1 5 . 0 0 C 0 2 0 0 . 0 0 0 0 1 0 0 . 0 0 0 0 2 0 . 0 0 0 0
2 1 4 0 . 0 N 0 . 0 N 1 5 . 0 0 0 0 1 0 0 . C C C O 3 0 . C C C O l O . C O O O L
2 1 5 0 . 5 0 0 0 L 0 . 0 N 1 5 . 0 0 0 0 3 0 0 . C O C O 2 0 C . C C C C 2 0 . 0 0 0 0
2 1 6 0 . 0 N 0 . 0 N 1 5 . 0 0 0 0 1 5 0 . 0 0 0 0 1 5 0 . 0 0 0 0 1 0 . 0 0 0 0 L
2 1 7 0 . 5 0 0 0 L 0 . 0 N 2 . 5 C C O L 1 5 C . 0 0 C 0 1 0 0 . C C C O l O . C O O O L
2 1 8 O . C N 0 . 0 N 1 5 . 0 0 C O 1 5 0 . 0 0 0 0 5 C . 0 0 C 0 2 0 . 0 0 0 0
2 1 9 0 . 5 0 0 0 L c . o N 2 . 5 0 0 0 L 1 5 0 . C C 0 0 3 0 0 . 0 0 0 0 l O . C O O O L
2 2 0 0 . 0 N 0 . 0 N 5 . 0 0 0 0 5 0 . C C 0 0 1 5 . C C C O 2 C . 0 C 0 0
2 2 1 0 . 0 N 0 . 0 N 1 5 . C O C O 7 0 . 0 0 0 0 5 0 . C O C O 2 0 . 0 0 0 0
2 2 2 0 . 5 0 0 0 L 0 . 0 N 1 5 . 0 C C 0 3 0 . 0 0 0 0 2 0 C . 0 C C 0 2 C . C C 0 0
2 2 3 0 . 5 0 0 0 L 0 . 0 N 1 5 . 0 0 0 0 7 0 . 0 0 0 0 3 0 . C C C O 2 C . C C 0 0
2 2 4 0 . 5 C 0 0 L 0 . 0 N 1 5 . 0 C 0 O 5 0 . 0 0 0 0 5 0 . 0 0 0 0 2 0 . C O C O
2 2 5 0 . 5 0 0 0 L 0 . 0 N 7 . 0 0 0 0 3 0 . C C 0 0 5 0 . 0 C C C 2 0 . 0 0 0 0
2 2 6 O . C N 0 . 0 N 1 5 . 0 0 C O 7 0 . 0 C C 0 7 C . 0 0 C 0 2 0 . C C C O
2 2 7 0 . 0 N 0 . 0 N l O . O O C O 7 0 . 0 0 0 0 1 5 . 0 0 0 0 1 0 . 0 0 0 0 L
2 2 8 0 . 5 0 0 0 1 0 . 0 N 1 5 . 0 0 C O 5 0 . C O C O I O C . C C C O 2 0 . 0 0 0 0
2 2 9 0 . 0 N 0 . 0 N 1 5 . 0 0 0 0 7 0 . 0 0 0 0 5 0 . 0 0 0 0 2 0 . C C C O
2 3 0 O . C N 0 . 0 N 1 C . 0 C C 0 5 0 . C 0 0 0 3 0 . 0 0 0 0 l O . C O O O L
2 3 1 0 . 0 N 0 . 0 N 1 0 . C O C O I O C . C O C O 5 0 . C C C O 2 0 . C C C O
2 3 2 0 . 0 N c . o N l O . O O C O 1 0 0 . C C C O 3 0 . C O C O 2 0 . 0 0 0 0
2 3 3 0 . 0 N 0 . 0 N 1 0 . 0 0 0 0 5 0 . 0 0 0 0 3 0 . C C C O 2 0 . 0 0 0 0
2 3 4 0 . 0 N c . o N 2 0 . 0 0 0 0 7 C C . C C C C 5 0 . C C C C 1 0 . C C C O L
2 3 5 0 . 0 N 0 . 0 N 1 5 . 0 0 0 0 1 0 0 . 0 0 0 0 7 0 . 0 0 0 0 2 0 . 0 0 0 0
2 3 6 0 . 0 N 0 . 0 N 7 . 0 C C 0 C . O  N 2 0 . C C C O l O . C O O O L
2 3 7 O . C N 0 . 0 N 7 . 0 0 0 0 1 0 . 0 0 0 0 1 5 0 . C C C O 5 0 . 0 0 0 0
2 38 0 . 0 N 0 . 0 N 2 0 . C O C O 2 C C . C C C 0 1 0 0 . C O C O 2 0 . 0 0 0 0
2 3 9 0 . 0 N 0 . 0 N 5 . 0 0 0 0 0 . 0  N 1 0 . C C C O 1 C . O O O O L
2 4 0 0 . 0 N c . c N 1 0 . 0 0 0 0 C . C  N 2 . 5 0  C O L 2 C . 0 C C 0
2 4 1 0 . 0 N 0 . 0 N 2 C . O O C O 2 0 0 . 0 0 0 0 1 0 . 0 0 0 0 3 0 . 0 0 0 0
2 4 2 0 . 5 C Q 0 L O . C N 0 . 0  N 3 0 . 0 0 0 0 3 C . C C C C 3 0 . 0 0 0 0
2 4 3 0 . 0 N 0 . 0 N 1 0 . 0 0 0 0 3 0 . 0 0 0 0 5 0 . C O C O 2 0 . C C C O
2 4 4 1 . 0 0 0 0 0 . 0 N 5 . C O C O 3 0 . C O C O 2 . 5 C O O L l O . C O O O L
2 4 5 0 . 0 N 0 . 0 N 3 0 . 0 C C 0 2 0 0 . 0 0 0 0 5 0 . 0 0 0 0 2 0 . 0 0 0 0
2 4 6 0 . 0 N c . o N 1 5 . C O C O 1 0 . 0 0 0 0 O . C  N 0 . 0  N
2 4 7 0 . 5 0 0 0 L 0 . 0 N 2 . 5 0 0 0 L l O C . C C O O 2 0 0 . C O C O 2 0 . 0 0 0 0
2 4 8 1 . 5 0 0 0 0 . 0 N l O . O O C O 7 0 . C C C O 3 C . 0 C C C l O . C O O O L
2 4 9 0 . 5 C 0 0 L 0 . 0 N 2 0 . 0 0 C O 5 C . C 0 C C 3 0 . 0 0 0 0 3 0 . 0 0 0 0
2 5 0 0 . 5 0 0 0 1 0 . 0 N l O . O O C O 7 0 . C C C O 3 0 . C C C O 2 0 . C C C O
MC P P M N B P P M N 1 P P M P B  P P M
0 . 0 N 0 . 0 N 1 0 . C O C O 5 . C C 0 0 L
O . C N c . o N 2 0 . C O C O C . O  M
0 . 0 N 0 . 0 N 5 . C O C O C . O  N
0 . 0 N 0 . 0 N 1 5 . C O C O 5 . C C 0 0 L
0 . 0 N 0 . 0 N 2 0 . C O O O 2 C . 0 C C 0
0 . 0 N 0 . 0 N 1 5 . 0 0 C 0 5 . 0 0 0 0 L
c . c N 0 . 0 N 2 0 . C C C O 1 C . C C 0 0
0 . 0 N 0 . 0 N 2 0 . C O C O 5 . O C 0 C L
0 . 0 N 0 . 0 N 1 5 . 0 0 0 0 C . O  N
c . c N c . o N 2 0 . C O C O C . O  N
O . C N 0 . 0 N 3 0 . C C C O 5 . C C C C L
O . C N 0 . 0 N 3 0 . C C 0 0 5 . C C 0 0 L
0 . 0 N 0 . 0 N 3 0 . C O C O 1 0 . 0 C 0 0
0 . 0 N 0 . 0 N 3 0 . C C C O C . C  N
2 . 5 C C C L 5 . C C C 0 L 7 0 . 0 0 0 0 5 . C O O O L
2 . 5 C C 0 L 5 . 0 0 C 0 L 7 0 . C O C O 1 0 . C C 0 0
7 . C C C O 1 0 . 0 0 0 0 3 0 . 0 0 0 0 5 . C C C 0 L
O . C N c . o N 3 C . C C C 0 1 C . C C 0 0
2 0 . 0 0 0 0 l O . O O C O 1 0 . 0 0 0 0 1 C . C C C O
C . C N 0 . 0 N 2 0 . C O C O C . C  N
0 . 0 N 0 . 0 N 3 0 . C O C O l O . C C O O
C . O N 0 . 0 N 1 5 . C C C O 5 . C C C C L
O . C N 0 . 0 N 3 0 . C O C O 5 . C O O O L
C . C N c . o N 1 5 . C O C O 5 . 0 C 0 C L
0 . 0 N 0 . 0 N 1 0 . 0 0 0 0 I C . C C O O
C . O N C . O N 2 C . C 0 C 0 5 . C C C C L
0 . 0 N 0 . 0 N 2 0 . C 0 0 0 5 . C C 0 C L
0 . 0 N 0 . 0 N 2 0 . C O C O 1 C . C C C O
c . c N 0 . 0 N 2 0 . C 0 0 0 l O . C C O O
0 . 0 N 0 . 0 N 3 0 . C C C O 1 5 . C C C O
c . c N 0 . 0 N 3 0 . C O C O C . C  N
C . C N 0 . 0 N 3 0 . C C C O 5 . C C C C L
0 . 0 N 0 . 0 N 7 . 0 0 C 0 5 . C C 0 C L
0 . 0 N 0 . 0 N 2 0 C . C 0 C 0 C . C  N
0 . 0 N 0 . 0 N 5 0 . C O C O 0 . 0  N
0 . 0 N 0 . 0 N 1 C . C C C O 5 . C C C C L
c . c N C . O N 1 C . C O C O 1 5 . C C C O
c . c N 0 . 0 N 3 0 . C C C O 5 . C C C C L
c . c N 0 . 0 N 5 . C O C O C . O  N
O . C N C . O N 1 C . C C C O 5 . C C 0 0 L
0 . 0 N 0 . 0 N I C C . C O C O 5 . C C C C L
O . C N 0 . 0 N 7 . C O C O C . O  N
C . C N 0 . 0 N 3 0 . C C C O 5 . 0 C C O L
0 . 0 N C . O N 1 C . C C C O C . C  N
O . C N C . C N 5 0 . C C C O C . O  N
O . C N c . o N 5 . C O C O C . C  N
0 . 0 N 0 . 0 N 5 0 . 0 0 0 0 5 . C C C C L
c . c N 0 . 0 N 1 5 . C C C O 1 C . C C C O
O . C N 0 . 0 N 3 0 . C O C O 5 . C C C C L








































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































S A M P L E  S B P P M  S C P Pf'  S N P P M  S R P P M  V P  P M  M P P M Y P P M  Z N P P M   Z R P P M
2 0 1  0 - 0  N  3 0. 0 0 0 0  0 . 0  N  3 0 0. C C 0 0  2 0 0 . C 0 C C  0 . 0  N  1 5. C C C C  0 . 0  N  I C C. C O C O
R O C K   S * P L   E L E M E N T S
S A M P L E F E  p c  r M G  P C  T C A  P C  T T  I P C T M N  P P M A G P P M A S P P M A U P P M 6  P P M B A  P P M
2 5 1 7 . 0 0 0 0 1 . 5 0 0 0 0 . 7 0 0 0 0 . 5 C C 0 5 0 0 . C O C O 0 . 0 N O . C N 0 . 0 N 7 0 . 0 0 0 0 1 5 0 C . 0 0 0 0
2 5 2 7 . 0 0 C 0 1 . 5 0 0 0 5 . 0 0 0 0 0 . 3 0 0 0 7 0 0 . 0 0 0 0 C . O N C . O N C . O K 5 C . C C C 0 7 0 0 . C O C O
2 5 3 5 . 0 0 0 0 2 . 0 0 0 0 1 0 . 0 0 0 0 0 . 3 0 0 0 7 0 0 . 0 C C C 0 . 0 N O . C M C . O N 5 0 . C O C O 5 0 C . C C 0 0
2 5 4 5 . 0 C C 0 7 . C C 0 C 2 0 . 0 0 0 0 0 . 1 0 0 0 7 0 0 . 0 0 0 0 C . 5 C 0 0 O . C N 0 . 0 N 1 0 . C O C O 1 5 0 . C C C O
2 5 5 1 0 . 0 0 0 0 3 . 0 0 0 0 7 . 0 0 C 0 0 . 5 0 0 0 7 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 5 . C 0 C 0 L 5 C C . C C C 0
2 5 6 5 . 0 0 0 0 1 . 5 0 0 0 2 . 0 0 C 0 C . 5 0 0 0 7 C 0 . 0 C C 0 O . C N c . c N C . O N 1 0 . 0 0 0 0 5 C 0 . C C C 0
2 5 7 2 . 0 0 0 0 1 . 5 0 0 0 2 0 . 0 0 0 0 0 . 0 7 0 0 1 0 0 0 . O C O O 0 . 0 N 0 . 0 N 0 . 0 N 1 C . C O O O 3 C C . C C 0 0
2 5 8 3 . 0 0 0 0 0 . 3 0 0 0 1 . 0 0 0 0 C .  1 C C 0 1 5 C . C C C 0 0 . 0 N 0 . 0 N C . O N 1 0 . C O C O 3 C 0 . C C C 0
2 5 9 2 . 0 0 0 0 0 . 5 0 0 0 5 . 0 C 0 0 0 . 3 0 0 0 3 0 C . C C C C O . C N O . C N C . O N 2 C . C C C 0 7 0 0 . O C O O
2 6 0 ' 2 . 0 0 C 0 0 . 7 0 0 0 1 . 5 C C 0 0 . 3 0 0 0 5 0 0 . 0 C C 0 0 . 0 N 0 . 0 N C . O N 1 5 . C O C O 7 C C . 0 C C 0
2 6 1 1 . 0 0 0 0 0 . 3 0 0 0 5 . 0 C C 0 0 . 0 7 0 0 1 5 C . C C C C C . O N 0 . 0 N 0 . 0 N 3 0 . 0 0 0 0 3 C C . C C C 0
2 6 2 3 . 0 0 0 0 1 . 0 0 0 0 5 . 0 0 0 0 0 . 2 0 0 0 5 0 0 . 0 0 0 0 C . O N C . C N C . O N 5 . C C C 0 L 3 C C . C C C 0
2 6 3 2 . 0 0 0 0 0 . 7 C 0 0 2 0 . C O C O G 0 . 2 0 0 0 7 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 1 5 . C O C O 7 0 . O C O O
2 6 4 2 . 0 0 0 0 0 . 5 0 0 0 1 . 5 0 0 0 0 . 2 0 0 0 5 0 0 . C O C O 5 . C 0 0 0 0 . 0 N C . O N 5 . C C C C L C . O   N
2 6 5  ■ 1 . 5 0 0 0 0 . 2 0 0 0 0 . 1 0 0 0 0 . 0   N 7 0 . 0 0 0 0 C . O N O . C N C . O N 5 . C 0 C 0 L l O O C . C C O O
2 6 6 2 . 0 0 0 0 0 . 3 0 0 0 0 . 2 C C C 0 . 3 0 0 0 1 5 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 1 0 C . C C C 0 7 C C . C C C C
2 6 7 3 . 0 0 0 0 l . C O O O 3 . 0 0 0 0 0 . 3 C C 0 7 0 0 . C O C O O . C N C . O N C . O N 3 0 . C O C O 5 C C C . C C C C
2 6 8 3 . C 0 0 0 1 . 5 0 0 0 3 . 0 0 0 0 C . 3 0 0 0 7 0 0 . C O C O 0 . 0 N C . C N C . O N 5 . C C C 0 L 1 C C C . C C C 0
2 6 9 1 . 0 0 0 0 0 . 1 0 0 0 0 . 1 5 0 0 0 . 1 C C 0 7 0 . C O C O C . O N C . O N 0 . 0 N 2 C . C O O O 5 C C . C C 0 C
2 7 0 3 . 0 0 0 0 1 . 5 0 0 0 5 . 0 C 0 0 C . 1 C C C 1 C C C . C C C C O . C N c . c N C . O N 3 0 . C O C O I C C C . C C C O
2 7 1 2 . C O O O 3 . 0 0 0 0 1 5 . C O C O 0 . 0 3 0 0 I O O C . O C C O 0 . 0 N 0 . 0 N 0 . 0 N 5 . C C C 0 L C . C   N
2 7 2 3 . 0 0 0 C 7 . 0 C 0 0 1 5 . 0 0 0 0 0 . 0 2 0 0 5 0 0 . C O C O C . O N 0 . 0 N 0 . 0 N C . O   N C . C   N
2 7 3 3 . 0 0 0 0 5 . C 0 0 0 1 5 . 0 0 0 0 0 . 0   N 7 O C . C C C 0 0 . 0 N 0 . 0 N 0 . 0 N 5 . C C C 0 L C . O   N
2 7 4 7 . 0 C 0 0 2 . 0 0 0 0 3 . 0 0 0 0 0 . 7 0 0 0 7 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 5 . C 0 C 0 L 2 C C . C C C 0
2 7 5 3 . 0 0 0 0 2 . 0 0 0 0 1 0 . 0 0 0 0 C . C 7 C 0 1 0 0 0 . C O C O 0 . 0 N 0 . 0 N 0 . 0 N 1 C . C C C 0 2 C . C C C C
2 7 6 5 . 0 0 0 0 1 . 5 0 0 0 3 . 0 0 0 0 l . C O O O 7 C C . C C C C C . O N c . c N 0 . 0 N 5 . C C C O L 7 0 . O C O O
2 7 7 0 . 3 0 0 0 0 . 2 0 0 0 2 0 . 0 C 0 0 G 0 . 0  3 0 0 7 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 5 . C C C C L 5 C . C C C C
2 7 8 1 0 . 0 0 0 0 5 . 0 0 0 0 1 0 . 0 0 0 0 0 . 7 0 0 0 1 5 0 0 . O C C C C . O N C . O N C . O N 2 0 . C O C O 1 5 C C . C C C C
2 7 9 1 5 . 0 0 0 0 5 . 0 0 0 0 5 . 0 0 0 0 l . O C O O G 1 5 0 0 . 0 0 0 0 0 . 0 N O . C N C . O N 2 C . C C C 0 7 C C . C C 0 C
2 8 0 1 0 . 0 0 0 0 2 . 0 0 0 0 3 . 0 0 0 0 1 . 0 0 0 0 1 0 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 5 C . C C C 0 7 C C . C C C C
2 8 1 1 5 . 0 0 0 0 3 . 0 0 0 0 5 . 0 0 0 0 l . C O O O 1 5 0 0 . O C C C C . O N C . O N C . O N 2 C . C 0 C 0 l O O C . C C C O
2 8 2 1 5 . 0 0 0 0 7 . 0 C 0 0 1 0 . 0 0 0 0 1 . 0 0 0 0 1 5 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N C . O N 1 C . C O C O 1 5 C C . C C C 0
2 8 3 7 . 0 0 0 0 1 . 5 0 0 0 5 . C O C O 0 . 5 C C 0 7 0 0 . 0 C C 0 0 . 0 N 0 . 0 N C . O N 5 . C C C C L 5 C C . C C C C
2 8 4 5 . 0 0 0 0 l . 5 0 0 0 1 0 . 0 0 0 0 0 . 2 0 0 0 7 C C . C 0 C 0 0 . 0 N O . C N C . O N 5 0 . C O C O 7 C C . C C C 0
2 8 5 7 . 0 0 0 0 2 . 0 0 0 0 7 . 0 0 0 0 0 . 5 0 0 0 7 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 2 0 . C O C O 2 C C . C C 0 0
2 8 6 1 0 . 0 0 0 0 2 . 0 0 0 0 3 . 0 0 0 0 0 . 7 0 0 0 1 5 0 0 . C O C O 0 . 0 N 0 . 0 N C . O N 1 0 . C O C O 7 C C . C C C 0
2 8 7 3 . 0 0 0 0 1 . 5 0 0 0 3 . 0 0 0 0 0 . 5 0 0 0 5 0 0 .  C O C O 0 . 0 N O . C N C . O N 5 C . C C C 0 5 C C . C C C 0
2 8 8 7 . 0 0 0 0 0 . 7 0 0 0 3 . 0 0  C O 0 . 5 0 0 0 7 0 C . C C C C C . O N 0 . 0 N C . O N I C C . C O C O 7 C C . C C C 0
2 8 9 7 . 0 0 0 0 l . 5 0 0 0 5 . C O C O 0 . 7 0 0 0 7 0 0 . O C C O 0 . 0 N 0 . 0 N 0 . 0 N 7 0 . 0 0 0 0 5 C 0 . C C C 0
2 9 0 5 . C O C O 1 . 0 0 0 0 3 . 0 0 0 0 C . 5 0 0 0 7 O C . C C C 0 0 . 0 N c . c N C . O N 5 0 . C C C 0 7 0 C . C C C 0
2 9 1 5 . 0 0 0 0 2 . 0 C 0 0 2 . 0 0 0 0 0 . 5 0 0 0 7 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N C . O N 2 C . C 0 C 0 5 C C . C C 0 0
2 9 2 3 . 0 0 0 0 1 . 5 0 0 0 3 . 0 C C O 0 . 3 0 0 0 5 0 0 . C O C O 0 . 0 N 0 . 0 N 0 . 0 N 7 C . C C C 0 7 C C . C C C C
2 9 3 5 . C O C O 1 . 5 0 0 0 7 . 0 0 0 0 C . 3 0 0 0 1 0 0 0 . C O O C 0 . 0 N O . C N C . O N 3 0 . C O C O 5 C C . C C C 0
2 9 4 7 . 0 0 0 0 2 . 0 0 0 0 3 . 0 C C 0 0 . 3 0 0 0 7 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 3 0 . C C 0 0 I C C C . C C C O
2 9 5 7 . C O C O 1 . 5 0 0 0 1 . 5 0 0 0 0 . 5 0 0 0 7 0 0 . C O C O 0 . 0 N 0 . 0 N 0 . 0 N 5 0 . 0 0 0 0 5 C C . C C C 0
2 9 6 7 . 0 0 0 0 1 . 5 0 0 C 0 . 7 0 0 0 C . 5 0 0 0 7 0 C . C C 0 0 0 . 0 N O . C N 0 . 0 N 5 C . C 0 0 0 7 C C . C C C 0
2 9 7 7 . 0 0 0 0 l . C O O O 5 . 0 0 0 0 0 . 3 C C 0 1 5 0 0 . C O C O 0 . 0 N 0 . 0 N 0 . 0 N 7 0 . O C O O 7 0 C . C C 0 0
2 9 8 5 . 0 0 0 0 l . C O O O 3 . 0 0 0 0 C  .  3 0 0 0 7 0 0 . C O C O C . O N c . c N C . O N 5 C . C C C 0 I C C C . C C C O
2 9 9 7 . 0 0 0 0 1 . 5 0 0 0 l . 5 0 0 0 C . 5 0 0 0 7 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 3 0 . C O C O 7 C C . C C C C




R O C K  S M P L  E L E M E N T S
SAMPLE BE PPM B I PPM CO PPM CR PPM CU PPM LA PPM MC PPM NB PPM N 1 PPM PB PPM
251 0.50C0L 0.0 N 5.0000 70.0000 30.0000 20.0000 0.0 N 0.0 N 15.CCCC 5.CCCCL
252 O.C M O.C N 15.0000 70.0000 50.CCCC 20.COCO O.C N 0.0 N 30.COCO 10.COCO
253 0.5000L 0.0 N IO.OCCO 70.0000 30.COCO 20.C000 0.0 N c.o N 20.COCO 10.CC00
254 0.5000L 0.0 N 5.0000 30.0000 IO.OCCO 10.0000L 0.0 N 0.0 N 7.COCO C.C N
255 0.0 N 0.0 N 30.0000 70.0000 200.COCO 10.C0C0L 0.0 N 0.0 N 20.0000 5.0000L
256 0.0 N 0.0 N IO.OCCO 150.0000 lOO.CCOO 20.0000 IO.OCCO 0.0 N 15.C000 10.0000
257 0.0 N 0.0 N 2.5C00L 20.0000 50.0000 20.0000 O.C N 0.0 N 5.COCO 5.CCCCL
258 0.0 N c.o N 7.0000 10.0000 700.00CC 20.0000 0.0 N 0.0 N 5.COCO 5.C000L
259 0.5CC0L 0.0 N 7.0000 50.0000 300.0000 10.C000L O.C N 0.0 N 15.COCO 5.CC00L
260 0.5000L 0.0 N 5.COCO 2C.CC00 15.OCCO 10.0000L 0.0 N 0.0 N 5.0000 5.CC00L
261 0.5000L 0.0 N 2.5C00L C.C N 15C.CCCC 20.COCO 0.0 N c.o N 7.CCC0 IO.OCCO
262 0.0 N 0.0 N 7.0000 lOO.CCOO 20.COCO 10.C000L O.C N 0.0 N 30.COCO 5.CCCCL
263 0.0 N 0.0 N 5.0000 20.COCO 5.COCO 10.CC00L 0.0 N 0.0 N 10.COCO 0.0 N
264 0.0 N 0.0 N 10.COCO 50.COCO 3000.COCO 0.0 N 0.0 N 0.0 N 20.COCO 0.0 N
265 0.5000L 0.0 N 2.5000L 0.0 N 30.COCO lO.COOOL O.C N c.o N 10.COCO 0.0 N
266 0.5000L 0.0 N 5.0000 50.COCO 2C.CC0C 20.CC00 C.C N lC.COCC 30.COCO 5.C0C0L
267 0.0 N 0.0 N 15.0000 150.00C0 50.0000 10.0000L 0.0 N 0.0 N 50.COCO C.O N
268 0.0 N 0.0 N 15.0000 200.OCCO 70.COCO 20.0000 7.0000 0.0 N 50.COCO 5.C00CL
269 0.0 N O.C N 2.5000L IO.OCCO 5.COCO 1C.CCC0L C.C N 0.0 K 7.COCO C.O N
270 0.5000L 0.0 N 5.0000 30.CC00 30.CC00 20.0000 0.0 N 0.0 N 30.COCO 5.CCCCL
271 0.0 N 0.0 M 5.0000 O.C N 2.5C0CL lO.COOOL c.o N 0.0 N 5.COCO C.C N
272 0.0 N 0.0 N 5.0000 0.0 N 2.5 COOL 0.0 N O.C N c.o N 10.COCO C.O N
273 0.0 N 0.0 N 5.00C0 0.0 N 2.5000L 10.0000L 0.0 N 0.0 N 7.COCO C.C N
274 0.0 N O.C N 20.0000 15C.C000 100.0000 lO.COOOL O.C N c.o N 50.COCO 0.0 N
275 0.0 N 0.0 N 10.COCO 10.0000 10.0000 10.0000L 0.0 N c.o N 15.COCO 0.0 N
276 0.0 N 0.0 N 20.0000 150.CC00 15C.CCC0 lO.COOOL 0 . 0 N c.o N 3C.C000 C.C N
277 O.C M 0 . 0 N 0.0 N C.C N 5.OCCO lO.COOOL O.C N c.o N C.O N C.O N
278 0 . 0  N c.o N 10.0000 100.0000 70.0000 30.0000 0 . 0 N 0 . 0 N 30.COCO 1C.OCCO
279 0.0 N 0 . 0 N 30.0000 50.0000 30.COCO 50.0000 O.C N 0 . 0 N 20.COCO 5.0CCCL
280 0.5000L 0 . 0 N 5.0000 100.0000 70.OCCO 50.0000 5.COCO 0 . 0 N 30.COCO lQ.CGOO
281 0.0 N 0 . 0 N 30.0000 70.0000 200.0000 50.0000 0 . 0 N 0 . 0 N 30.COCO 5.CCCCL
282 0.0 N 0 . 0 N 50.0000 500.0000 50.COCO 50.CC00 C.C N c.o N 150.COCO 20.COCO
283 O.5C00L 0 . 0 N 10.0000 50.0000 20.0000 20.0000 O.C N c.o N 2C.CCC0 5.CCC0L
284 0.5000L 0 . 0 N 10.0000 70.0000 15.OCCO 20.CC00 0 . 0 N 0 . 0 N 2C.CCC0 5.CCCCL
285 0.5000L 0 . 0 N 1C.0000 70.0000 20.COCO 20.CC00 O.C N c.o N 20.COCO 5.CCCCL
286 0 . 0  N 0 . 0 N 20.0000 100.0000 30.0000 20.0000 0 . 0 N 0 . 0 N 5C.CCC0 5.CC0CL
287 0.5000L 0 . 0 N 7.0000 70.CC00 15.COCO 20.0000 O.C N 0 . 0 l\ 15.COCO 5.CCCCL
288 0.0 N 0 . 0 N 15.0000 70.0000 70.COCO 20.CC00 C.C N c.o N 30.COCO 5.CCC0L
289 0.500CL 0 . 0 N 15.COCO 70.0000 30.0000 20.0000 O.C N c.c N 20.COCO 5.CCCCL
290 0.5000L 0 . 0 N 10 .0000 70.COCO IO.OCCO 2C.CCC0 C.C N c.o 15.OCCO 5.CCCCL
291 0.5C00L 0 . 0 N 15.COCO 70.CC00 10.0000 20.0000 0 . 0 N c.o N 15.COCO 5.CC0CL
292' 0.5000L 0 . 0 N IO.OCCO 70.COCO 10.0000 20.0000 0 . 0 N 0 . 0 N 20.COCO 5.CC0CL
293 0.5000L 0 . 0 N 15.0000 lOO.CCOO 3C.C000 20.0000 c.o N 0 . 0 N 30.COCO C.O N
294 0.5000L 0 . 0 N 2C.OOCO 300.0000 100.0000 30.0000 0 . 0 N 0 . 0 N 50.COCO 5.CCC0L
295 0.5000L 0 . 0 N 10.00C0 50.COCO 20.COCO 30.0000 c.o N 0 . 0 N 15.C000 5.CCCCL
296 0.5C00L 0 . 0 N 1C.0000 70.COCO 30.0000 20.0000 0 . 0 N 0.0 N 30.COCO 5.CCC0L
297 0.5CC0L O.C N 10.0000 70.COCO 30.0000 20.0000 0 . 0 N 0 . 0 N 3C.C0C0 5.CC00L
298 C.5000L 0 . 0 N 7.0000 20.0000 30.CC0C 2C.CC00 c.c N c.o N 15.COCO 5.CCCCL
299 0.5C00L 0 . 0 N 10.0000 lOO.CCOO 50.0000 20.0000 O.C N 0 . 0 N 20.COCO 5.CCCCL
300 0.5000L 0 . 0 N 15.0000 70.COCO 30.COCO 30.0000 0 . 0 N c.o N 30.COCO 5.CCCCL
R O C K   S M P L   F L E M E N T S
S A M P L E S B P P M S C  P P M S N P P M S R P P M V   P P M W P P M Y   P P M Z N P P M Z R  P P M
2 5 1 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N 3 0 0 . 0 0 0 0 3 0 0 . 0 0 0 0 0 . 0 N 2 0 . C O O O 0 . 0 N 1 5 0 . C O O O
2 5 2 0 . 0 N 2 0 . 0 C 0 0 0 . 0 N 7 0 0 . C O C O 2 0 C . C C C 0 0 . 0 N 2 0 . O C O O 0 . 0 N 1 0 0 . c o c o
2 5 3 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 5 0 0 . 0 0 0 0 1 5 C . O C C O O . C N 2 C . C C 0 0 0 . 0 N 7 C . C O C O
2 5 4 0 . 0 N 1 5 . C O C O 0 . 0 N 1 0 0 0 . C O O O 1 0 0 . C O O O 0 . 0 N 3 C . C 0 C 0 0 . 0 N 7 0 . C O C O
2 5 5 0 . 0 N 5 0 . 0 0 0 0 2 . 5 0 C 0 L 5 0 0 . 0 0 0 0 5 0 0 . 0 0 0 0 0 . 0 N 2 0 . O C C O 0 . 0 N 2 0 . C O C O
2 5 6 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 5 0 0 . C O O O 2 0 0 . O C C O 0 . 0 N 2 0 . C O C O 0 . 0 N 1 5 0 . 0 0 0 0
2 5 7 0 . 0 N 1 0 . 0 0 0 0 0 . 0 N 1 0 0 0 . 0 0 0 0 5 0 . C O C O 0 . 0 N 2 C . C C C 0 0 . 0 N 5 0 . 0 0 0 0
2 5 8 0 . 0 N 5 . C 0 0 0 0 . 0 N 1 0 0 . 0 0 0 0 5 0 . 0 0 0 0 0 . 0 N 5 . C C C 0 L c . o N 7 0 . C C C 0
2 5 9 0 . 0 N 1 0 . 0 0 0 0 0 . 0 N 7 C O . C C O O 1 C 0 . C 0 0 C 0 . 0 N l O . C C C O 0 . 0 N I C O . O O C O
2 6 0 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 3 0 0 . 0 0 0 0 1 5 0 . O C O O 0 . 0 N 1 5 . C C C C c . o N 7 C . C C C 0
2 6 1 0 . 0 N 5 . 0 0 0 0 0 . 0 N 7 C 0 . C C C 0 5 0 . 0 0 0 0 0 . 0 N 1 0 . O C C O 0 . 0 N 5 0 . C O O O
2 6 2 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 7 0 0 . 0 0 0 0 1 5 C . 0 C C 0 0 . 0 N l O . C C C O 0 . 0 N 2 0 . C O C O
2 6 3 0 . 0 N 1 0 . 0 0 0 0 0 . 0 N 5 0 0 .  O C O O 1 5 0 . C C C 0 c . o N 2 0 . C C 0 O 0 . 0 N 2 C . C C C 0
2 6 4 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 2 0 0 . 0 0 0 0 1 5 0 . 0 0 0 0 0 . 0 N l O . C C C O 0 . 0 N 3 0 . C O C O
2 6 5 0 . 0 N 5 . 0 0 0 0 0 . 0 N 0 . 0   N 5 0 . O C O O 0 . 0 N 1 0 . C O O O c . o N 7 C . C 0 C 0
2 6 6 0 . 0 N 1 0 . 0 0 0 0 0 . 0 N 3 0 C . 0 0 C 0 1 5 C . 0 C C C 0 . 0 N 2 C . C C 0 0 0 . 0 N 1 5 C . C 0 C 0
2 6 7 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N 2 0 0 . 0 0 0 0 2 0 0 . O C C O 0 . 0 N 2 C . C C C 0 0 . 0 N I C O . C O C O
2 6 8 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N 1 5 0 . C O O O 2 0 0 . 0 0 0 0 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 7 0 . C O C O
2 6 9 0 . 0 N 7 . 0 0 0 0 0 . 0 N 5 O . C C C 0 L 5 0 . 0 0 C C c . o N l O . C C C O 0 . 0 N 7 0 . C O C O
2 7 0 0 . 0 N 7 . 0 0 0 0 0 . 0 N 1 5 0 . 0 0 0 0 7 0 . O C C O 0 . 0 N 2 C . C C C 0 c . o N 7 C . C C C 0
2 7 1 0 . 0 N 5 . 0 0 0 0 0 . 0 N 5 C . C C 0 0 L 3 0 . 0 0 0 0 0 . 0 N 5 . C O C O L c . o N C . O  N
2 7 2 0 . 0 N 2 . 5 0 0 0 L 0 . 0 N 5 0 . 0 0 0 0 L 2 0 . C C C C c . o N 5 . 0 C C 0 L 0 . 0 N 1 C . C O C O
2 7 3 0 . 0 N 5 . 0 0 0 0 c . o N 5 C . C C C C L 3 0 . 0 0 C O 0 . 0 N 5 . C C C 0 L 0 . 0 N I C . C O C O
2 7 4 0 . 0 N 3 0 . C C 0 0 0 . 0 N 2 0 0 . C O O O 3 0 0 . 0 0 0 0 0 . 0 N 2 0 . C C 0 0 0 . 0 N 7 C . C 0 0 0
2 7 5 0 . 0 N 7 . 0 0 0 0 0 . 0 N 5 C . C C O O L 5 C . C C C 0 0 . 0 N l O . C C C O 0 . 0 N 1 0 . C O C O
2 7 6 0 . 0 N 2 0 . 0 0 0 0 o . c N 3 0 0 . O C O O 2 0 0 . 0 0 0 0 0 . 0 N 2 0 . C C C 0 c . o N 7 0 . C C C 0
2 7 7 0 . 0 N 2 . 5 C 0 0 L 0 . 0 N 7 0 0 . 0 0 0 0 2 0 . O C O O 0 . 0 N 5 . C C C 0 L O . C N C . O   N
2 7 8 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N 7 C 0 . C C 0 0 2 0 0 . C C C C 0 . 0 N 2 0 . O C O O 0 . 0 N I C C . C O C O
2 7 9 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N 5 0 0 . 0 0 0 0 5 0 C . C C C 0 c . o N 3 0 . C C C 0 0 . 0 N 1 5 0 . C O C O
2 8 0 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N 1 0 0 0 . C O O O 3 0 0 . 0 0 0 0 0 . 0 N 5 0 . C C 0 0 0 . 0 N 1 5 C . C C C 0
2 8 1 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N 1 0 0 0 . 0 0 0 0 5 0 0 . C O C O 0 . 0 N 5 0 . O C O O 0 . 0 N 1 C C . C C C 0
2 8 2 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N l O O C . C O O O 3 0 C . C C 0 0 0 . 0 N 2 0 . C O C O 0 . 0 N 7 0 . 0 0 0 0
2 8 3 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 3 0 0 . 0 0 0 0 3 0 0 . C O O O c . o N 2 0 . C O C O 0 . 0 N I C C . 0 0 0 0
2 8 4 0 . 0 N 1 5 . C O C O c . o N 7 0 0 . C O O O 1 5 0 . 0 0  C O 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N I C C . O C C O
2 8 5 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 3 0 C . C 0 0 O 2 0 C . C 0 0 0 c . o N 2 C . C C C 0 0 . 0 N 1 0 0 . C O O O
2 8 6 o . c N 3 0 . 0 0 0 0 0 . 0 N 3 0 0 . 0 0 0 0 3 0 0 . O C C O 0 . 0 N 2 C . C C C 0 C . O N I C O . c o c o
2 8 7 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 5 0 0 . 0 0 0 0 2 0 0 . O C C O 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 7 0 . C O C O
2 8 8 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 2 0 C . C 0 0 0 3 0 0 . O O C O 0 . 0 N 2 0 . C C C 0 0 . 0 N I C C . c o c o
2 8 9 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N 5 0 0 . C O C O 3 0 0 . C O C O o . c N 2 C . C C C 0 0 . 0 N I C C . c o c o
2 9 0 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 3 0 0 . O C O O 2 0 0 . 0 0 0 0 0 . 0 N 2 0 . C C C 0 0 . 0 N 1 5 C . C O C O
2 9 1 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 3 0 C . C C C 0 2 0 C . C C C C o . c N 2 0 . C C 0 0 0 . 0 N 1 5 C . C 0 C 0
2 9 2 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 5 0 0 . 0 0 C O 1 0 0 . O O C O 0 . 0 N 2 C . C C C 0 0 . 0 N 7 C . C 0 C 0
2 9 3 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 5 0 0 . C O O O 2 0 0 . 0 0 0 0 0 . 0 N 2 0 . C O C O 0 . 0 N I C C . c o c o
2 9 4 0 . 0 N 3 0 . 0 0 0 0 c . o N 7 0 0 . C C 0 0 3 0 0 . C O C O 0 . 0 N 2 C . C C C 0 0 . 0 N 1 0 0 . C O O O
2 9 5 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 3 0 0 . 0 0 0 0 1 5 0 . O C C O 0 . 0 N 2 0 . C C 0 0 0 . 0 N 1 5 C . C 0 C 0
2 9 6 c . o N 2 0 . 0 0 0 0 0 . 0 N 2 0 0 . C O O O 3 0 0 . 0 0 0 0 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 1 5 0 . C O C O
2 9 7 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 3 0 0 . 0 0 0 0 2 0 0 . C O O O 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N 1 5 C . C 0 0 0
2 9 8 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 5 0 0 . 0 C C O 1 5 0 . 0 0 0 0 0 . 0 N 2 0 . C C C O c . o N 1 5 C . C 0 C 0
2 9 9 0 . 0 N 3 0 . C 0 0 0 0 . 0 N 3 0 0 . O C O O 3 0 C . C C C 0 0 . 0 N 2 0 . O C O O 0 . 0 N 1 5 0 . 0 0 0 0








































































































































2 . 0 0 0 0  




















5 . 0 0 0 0  
7 . C O C O  
2.00C0 
5 . 0 C C 0
5 . 0 0 0 0
2 .  C O C O
1 . 5 0 0 0  
2.00C0 
0 . 5 C C 0  
1 . 5 C C C  
1 . 5 C 0 0  
1 . 5 C O O
10.0000
1 5 . 0 0 0 0
10.0000
5 . 0 0 0 0
3 .  C O O O
3 . 0 0 0 0  
2 0 . 0 0 0 0 G  
2 C . C C C 0 G
5 . 0 0 0 0  
2 0 . C C C 0 G
7 . 0 0 0 0
3 . 0 0 0 0
7 . 0 0 0 0
1 . 5 0 0 0
2 0 . 0 0 0 0
5 . C O C O  
10.CCC0 
2C.C000 
1 0 . C O C O  
3 . 0 0 C O
5 . 0 0 0 0
2. C000 
2 C . C O O O
0.2000
3 .  C O C O
7 . 0 0 0 0
3 . 0 0 0 0  
7 . C C 0 0  
3 . 0 C C 0
2 . 0 0 0 0
3 . 0 0 C 0
3 . 0 0 0 0
1 . 5 0 0 0
7 . 0 0 0 0  
3 . 0 0 C 0  
3 . 0 C C 0  
5 . C O O O  





















































MN PPM AG PPM AS PPM AU PPM 8 PPM BA PPM
7 0 0 . COCO 0.0 N 0.0 N 0.0 N ICC.COOO 10CC.CC00
7 O C . 0 C C 0 0.0 N o . c N c . o N 7 0 . 0 0 0 0 5 C C . C C C 0
7 0 0 . 0 0 0 0 0.0 N 0.0 N 0.0 N 2C.CCC0 . 7 C C . C C C C
ICOO .OOCO 0.0 N 0.0 N 0.0 N 5 0 . 0 0 0 0 5 C C . C C C C
7 0 0 . 0 0 C 0 0.0 N o . c N 0.0 N 3 0 . COOO 7 C C . C C C 0
1 0 0 C . C C C 0 0.0 N 0.0 N 0.0 N 5 0 . CCCO 1 0 C C . C C C 0
7 0 0 . C C C C c . c N c . c N 0.0 N 1 0 . COCO 7 C C . C C C 0
7 0 0 . 0 C C 0 0.0 N c . c N 0.0 N 7 0 . COCO 3 C C . C C 0 C
5 0 0 . COCO 0.0 N 0.0 N 0.0 N 5 2 0 . C C C 0 L 1 C C C . C C C C
5 0 C . C C C C c . o N c . o N 0.0 N 3 C . C 0 C 0 1 C C C . C C C 0
5 0 0 . 0 0 0 0 0.0 N c . c N c . o N 3 0 . CCCO 2 0 C C . C C C 0
5 0 0 . C C C C 0.0 N 0.0 N 0.0 N 2 C . C C C 0 2 C C C . C C C C
7 0 0 . C C C C c . c N o . c N 0.0 N 5 . C C C 0 L 1 C C C . C C C 0
1 0 0 0 . OOCO 0.0 N 0.0 N 0.0 N 2 0 . CCCO 7 C C . C C C 0
1 0 0 0 . c c c c c . o N 0.0 N 0.0 N 5 . C 0 0 0 L 7 C C . C C C 0
7 0 C . C 0 C C c . o N o . c N 0.0 N I C C . C C C O 1 5 C C . C C C 0
7 0 0 . 0 0 0 0 0.0 N o . c N 0.0 N 5 . C O C O L 1 0 0 C . C C 0 0
7 0 0 . C C C 0 c . o N c . c N 0.0 N 5 . CCCOL 7 C C . C C C 0
1 0 0 0 . OCCC c . o N c.c N c . o N 1 C . 0 0 C C 2 C C . C C C 0
5 0 0 . OOCO 0.0 N 0.0 N 0.0 N 1 C . CCCO 2 C C . C C C C
1 C 0 C . C C C C c . o N c . c N 0.0 N 1 0 . c o c o 7CC.CCCC
5 0 0 . C C C O 0.0 N 0.0 N 0.0 N 1 0 . CCCO 2 C C . C C 0 0
1 5 0 0 . OCCO c . o N 0.0 N 0.0 N 7 C . C C C 0 1 0 C C . C C C C
5 C C . 0 C C C 0.0 N o . c N c . o N 2 0 . COCO 1 C C C . C C C 0
7 0 0 . OCCO 0.0 N 5 0 0 . C C 0 0 c . o N 1 0 . c o c o 7 C G . C C 0 0
7 0 0 . C C C O 0.0 N 0.0 N c . o N 1 5 . C 0 C C 5 C C . C C C C
7 0 C . C C C C c . o N c . c N 0.0 N 2 0 . OCCO 7 C C . C C C 0
7 0 0 . C C C 0 0.0 N o . c N 0.0 N 2 C . C 0 C 0 1 0 C C . C C C C
7 0 0 . 0 0 0 0 c . o N 0.0 N 0.0 N 3 0 . CCCO 3 C C . C C 0 C
7 0 0 .C O O C c . o N o . c N c . o N 1 5 . COCO 2 C C . C C C 0
1 5 0 0 . COOO 0.0 N 0.0 N c . o N 1 5 . CCCO 3 C C . C C C 0
7 0 0 . OCCO 0.0 N o . c N 0.0 N 3 C . C C C C 3 C C . C C C C
1CO C .CCCO c . c N c . c N c . o N 1 5 . C C 0 0 2 C C . C C C 0
2 0 0 0 . OCCO 1 . 5 0 0 0 5 0 0 . C C 0 0 c . o N 5 . CCCOL 3 C C . C C C C
7 0 0 . C C C 0 0.0 N 0.0 N 0.0 N 5 . C 0 C 0 L 1 C . C C C C L
2 0 0 . OCCC c . c N c . c N c . o N 3 0 . CCCOL 3 C . C C C 0
1 5 0 0 . 0 0 0 0 3 0 . 0 0 0 0 5 0 O .C C 0 O 0.0 N 1 5 . COCO 7 C . C C C C
1 0 C C . C C C 0 0.0 N C.C N c . o N 3 0 . COCO 2 C C . C C C C
5 0 0 . C C C 0 c . o N c.c N c . o N 5 . C C C C L 7 C C . C C C C
1 0 0 . 0 0 0 0 0.0 N 0.0 N c . o N 1 0 . CCCO 5 C . C C C 0
1 5 0 0 . CCCO 0.0 N o . c N c . o N 1 C . CCCO 1 5 C . C C C 0
1 0 0 0 . OCOO o . c N c . c N c . o N 2 C . C C C 0 7 C 0 . C C 0 0
7 0 0 . 0 0 0 0 0.0 N 0.0 N 0.0 N 2 C . C 0 C 0 5 C C .C C C C
1 0 0 C . C C C C 0.0 N c . o N 0.0 N 5 0 . CCCO 5 C C . C C C 0
7 C 0 . C 0 0 0 0.0 N o . c N c . o N I C O .C C C O 7 C C . C C C 0
1 5 0 0 . OOCO 0.0 N 0.0 N c . o N 3 0 . OOCO 1 C . C C 0 C L
7 0 0 . COOO 0.0 N 0.0 N 0.0 N 3 0 . COCO 5 C C . C C 0 C
5 0 0 . CCCO c . o N o . c N c . o N 3 0 . COCO 7 C C . C C C 0
1 0 0 0 . 0 0 0 0 0.0 N 0.0 N c . o N 2 0 . C CO O 2 C . C C C C
1 0 0 0 . 0 0 0 0 c . o N 0.0 N 0.0 N 5 C . C C C 0 5 C C . C C C C
330
RO C K  S M P L  E L E M E N T S
S A M P L E B E  PPM B X PPM CC PPM CR PPM CU PPM L A PPM MC PPM NB PPM N 1 PPM PB PPM
301 0. 5000L 0.0 N 15.0000 300.0000 l O O . O C C O 30.0000 0.0 N 0.0 N 50. COCO 5. C 00CL302 0. 5000L 0.0 N 15.0000 50.0000 30. COCO 20. C 000 O . C N C . O N 20. COCO 5. C C C 0L303 0. 5000L 0.0 N 7. 00C0 50.0000 15. OCOO 20.0000 0.0 N 0.0 N 10. c o c o 5. C C O O L304 0. 5000L c . o N 10.0000 70.0000 15. C C C C 20.0000 0.0 N 0.0 N 15. COCO 5. C C 00L305 0. 5000L 0.0 N 10.0000 70. COCO 15. C C C C 20.0000 0.0 N 0.0 N 15.0000 5. C C 00L306 0. 5000L 0.0 N 10. COCO 50.0000 30.0000 30.0000 0.0 N 0.0 N 20. COCO 5. C C C C L307 0. 5000L 0.0 N 5.0000 50.0000 30. COCO 30. OCOO 5. C C C 0 0.0 N 5. COCO 10. OCOO
308 0. 5000L 0.0 N 10.0000 50. 0C00 15. 0CCC 20. OCOO C . C N c . o N 1C . C C C 0 5. C C C 0L
309 0.0 N 0.0 N 2. 5C 00L 0.0 N 1C . 00C 0 20.0000 C . O N c . o N 5. COCO 5C . 0CCC
310 0. 5000L 0.0 N 7.0000 30.0000 30. 0CCC 20.0000 0.0 N 0.0 N l O . C O O O 5. C C 00L
311 0. 5000L 0.0 N 5.0000 0.0 N 15.0000 30. CC 00 0.0 N c . o N 5. COCO 2C . C C C 0
312 2.0000 0.0 N 5.0000 0.0 N 2. 5C 00L 30.0000 C . O N c . o N 5. COCO 2C . C C C 0
313 0.0 N 0.0 N 30.0000 70.0000 15. O C C 0 0.0 N 0.0 N 0.0 N 30.0000 C . O  N
314 0. 5000L 0.0 N 30.0000 300.0000 0.0 N 20.0000 0.0 N 0.0 N 50. COCO 5. C C 00L
315 0.0 N 0.0 N 50.0000 I O C . 0000 200. C C C 0 l O . C O O O L 0.0 N 0.0 N 30. COCO 5. 0C 00L
316 0. 5000L 0.0 N 20. COCO l O . C O O O 20. C C C C 30. OCOO C . C N 0.0 N 5. COCO 5. C C C C L
317 0. 5000L 0.0 N 15.0000 50.0000 15C . C C C C 20.0000 2. 5C00L c . o N 15. COCO 10. OCOO
318 0. 5000L 0.0 N 10.0000 7C . 0C C0 7C . C C C 0 20. C C 00 O . C N 0.0 N 15. COCO I C . C C C O
319 0.0 N 0.0 N 5.0000 20.0000 5. OCOO 20. COCO O .C N 0.0 N 15. COCO C . O  N
320 0.0 N 0.0 N 15. COCO ' 150. C C 00 15.0000 20.0000 0.0 N 0.0 N 5C . C C C 0 C . O  N
321 0.0 N 0.0 N 20.0000 200. C C C 0 l O O . O C C O 20. OCOO 0.0 N 0.0 N 50.0000 C . O  N
322 0.0 N 0.0 N 5. COOO 100.0000 10.0000 10. 0000L 0.0 N 0.0 N 30. COCO 5. C 000L
323 0. 5000L 0.0 N 15.0000 30. C C 00 30. COCO 30.0000 O . C N 0.0 N 10. C C C 0 5. C C 00L
324 0.0 N c . o N 10.0000 7C . C 00C 5C . C C C 0 20.0000 C . C N 0.0 K 20. COCO 5. C C C 0L
325 0.0 N 0.0 N 50.0000 200.0000 200. OCOO 20. OCOO 0.0 N 0.0 N 30. COCO 5. C C 0CL
326 0. 5000L 0.0 N 10.0000 50.0000 5. 00C0 20.0000 O . C N 0 . 0 N I C . O O C O C . C  N
327 0.0 N 0 . 0 N 10.0000 70.0000 15. COCO 20. C C 00 C .O N c . o N 2C . C C C 0 0.0 N
328 0 . 0  N 0 . 0 N 10.0000 100.0000 100. OCOO 20.0000 0 . 0 N 0 . 0 N 30. COCO 5. C C C C L
329 0.0 N 0 . 0 N 10.0000 l O O . O C C O 30. COCO 20. C C 00N 0 . 0 N 0 . 0 N 30. C 000 C . C  N
330 0.0 N 0 . 0 N 10. C 000 150.0000 20.0000 20.0000 0 . 0 N 0 . 0 N 30. COCO C . O  N
331 0.0 N 0 . 0 N 2. 5000L 20. C 00O 15. OCOO 20. OCOO 0 . 0 N 0 . 0 N 1C . C C C 0 5. C C C 0L
332 0.0 N 0 . 0 N 0.0 N 0.0 N 1C . COCO 50. OCOO O . C N 0 . 0 N 2. 50C0L 5. C 0C0L
333 0.0 N 0 . 0 N 15. 00C0 70.0000 150.0000 10. C C C 0L C . C N c . o N 30. COCO 5. 0000L
334 0.0 N 0 . 0 N 30.0000 200. OCOO 20000.0000 l O . C O O O L 10. C C C 0 0 . 0 N 50. COCO 5. C 0C0L
335 0.0 N 0 . 0 N 5.0000 10.0000 500.0000 l O . C C O O L 0 . 0 N c . o N 30.0000 5. 0C00L
336 0.0 N 0 . 0 N 5.COOO 30.0000 20000.0000 0.0 N 10. OCOO 0 . 0 N 10. COCO I C . C C C O
337 0.0 N 0 . 0 N 30.0000 150.0000 2000C . C O C O l O . C O O O L 7. OCOO 0 . 0 N 50. COCO 2C0. C C C 0
338 0.0 N 0 . 0 N 20.0000 150.0000 30.0000 l O . C O O O L 0 . 0 N c . o N 50. COCO 0.0 N
339 1.0000 0 . 0 N 5.0000 l O . C O O O 1C . COCO 20.0000 0 . 0 N 0 . 0 N 7. OCOO 2C . C C 0C
340 0.0 N 0 . 0 N 30.0000 200.0000 150. COCO l O . C C O O L C . C N c . o N 50. COCO C . O  N
341 0.0 N 0 . 0 N 50.0000 I O C . 0000 200. COCO 0.0 N 0 . 0 N 0.0 N 5C . C 000 C . O  N
342 0. 5000L 0 . 0 N 15.0000 50. OCOO 20.0000 30.0000 0 . 0 N c . o N 15. C 000 5. 000CL
343 0. 5000L 0 . 0 N l O . C O O O 50.0000 20.0000 30.0000 O . C N c . o N 2C . C C C 0 I C . C C C O
344 0.0 N 0 . 0 N 10. COCO 50.0000 15.0000 30.0000 0 . 0 N 0 . 0 N 15.0000 10. OCOO
345 3.0000 c . o N 5.0000 70.0000 20.0000 30.0000 0 . 0 N c . o N 15. COCO 1C . OCOO
346 0 . 0  N 0 . 0 N 30. COCO 50.0000 50. OCOO 20. COCO O .C N 0 . 0 N 15. COCO 10. 0C C0
347 0 . 0  N 0 . 0 N 20. 00C0 70.0000 30.0000 20.0000 0 . 0 N 0 . 0 N 15. COCO I C . C C C O
348 0 . 0  N 0 . 0 N 7. COCO 50. COCO 20. COCO 20. OCOO O .C N 0 . 0 N 10. COCO 5. C C 0CL
349 0. 5000L 0 . 0 N 15. 00C0 1 0 0 . 0 0 0 0 30.0000 30. COCO O . C N c . o N I C . C C C O 10. C C C C
350 0.50001 0 . 0 N 15.0000 70.0000 • 30. COCO 20. OCOO 0 . 0 N 0 . 0 N 20. COCO 5. C C 0CL
331
R O C K   S M P L   E L E M E N T S
S A M P L E S B P P M S C P P M S N P P M S R  P P M
3 0 1 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 5 0 0 . C C 0 0
3 0 2 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 7 0 0 . 0 0 0 0
3 0 3 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 5 0 0 . 0 0 0 0
3 0 4 0 . 0 . M 1 5 . C C 0 0 0 . 0 N 5 0 0 . 0 0 0 0
3 0 5 0 . 0 N 2 0 . C C 0 0 c . o N 5 0 0 . C C 0 0
3 0 6 0 . 0 ■J 2 0 . 0 0 0 0 0 . 0 N 1 0 0 0 . 0 0 0 0
3 0 7 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 1 0 0 0 . 0 0 0 0
3 0 8 0 . 0 N 2 0 . 0 0 0 0 c . o N 5 0 0 . 0 0 0 0
3 0 9 0 . 0 N 2 . 5 C 0 0 L 0 . 0 N 1 5 0 0 . C C O O
3 1 0 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 7 0 0 . C O C O
3 1 1 0 . 0 N 1 0 . 0 0 0 0 0 . 0 N 1 5 0 0 . C C O O
3 1 2 0 . 0 N 7 . 0 0 0 0 0 . 0 N 1 5 0 0 . C C O O
3 1 3 o . c N 5 0 . 0 0 0 0 0 . 0 N 3 0 0 . 0 0 0 0
3 1 4 0 . 0 N 5 0 . 0 0 0 0 0 . 0 N 3 0 0 . 0 0 0 0
3 1 5 0 . 0 M 1 0 0 . 0 0 0 0 0 . 0 N 7 0 0 . C O C O
3 1 6 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 5 0 0 . 0 0 0 0
3 1 7 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 1 5 0 0 . C O C O
3 1 8 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 1 0 0 0 . C C O O
3 1 9 0 . 0 N 7 . 0 C 0 0 0 . 0 N 7 C 0 . C C 0 0
3 2 0 0 . 0 N 1 5 . 0 C 0 C 0 . 0 N 2 0 0 0 . C O C O
3 2 1 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N •  5 C C . C C 0 0
3 2 2 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 1 5 C 0 . C C 0 0
3 2 3 0 . 0 N 2 0 . 0 0 0 0 c . o N 1 0 0 0 . 0 0 0 0
3 2 4 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 5 0 0 . C C O O
3 2 5 0 . 0 N 5 0 . 0 0 0 0 0 . 0 N 5 0 0 . C C O O
3 2 6 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 3 0 0 . 0 0 0 0
3 2 7 0 . 0 N 2 0 . 0 0 0 0 c . o N 3 0 0 . 0 0 0 0
3 2 8 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 7 C 0 . C C C 0
3 2 9 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 7 C C . C O O O
3 3 0 0 . 0 N 2 0 . 0 0 0 0 c . o N 1 5 0 0 . C O O O
3 3 1 0 . 0 N 1 0 . 0 0 0 0 0 . 0 N 7 0 0 . O C O O
3 3 2 0 . 0 N 7 . 0 0 0 0 0 . 0 N 2 0 0 . 0 0 0 0
3 3 3 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N 5 0 . C 0 0 O L
3 3 4 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N 0 . 0   N
3 3 5 0 . 0 N 7 . 0 0 0 0 0 . 0 N 1 C C . O O C O
3 3 6 0 . 0 N 1 0 . 0 0 0 0 0 . 0 N 0 . 0   N
3 3 7 0 . 0 N 5 0 . 0 0 0 0 0 . 0 N 3 0 0 . O C O O
3 3 8 0 . 0 i M 3 0 . 0 0 0 0 0 . 0 N 1 5 0 . 0 0 0 0
3 3 9 0 . 0 N 1 5 . C C 0 0 0 . 0 N 1 0 0 0 . 0 0 0 0
3 4 0 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N 1 5 0 . 0 0  0 0
3 4 1 0 . 0 , N 5 0 . 0 0 0 0 c . o N 3 0 C . O C O O
3 4 2 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 3 0 0 . O C O O
3 4 3 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 3 0 0 . O C O O
3 4 4 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 3 0 0 . 0 0 0 0
3 4 5 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 5 0 0 . C O O O
3 4 6 0 . 0 N 5 0 . 0 0 0 0 c . o N 3 0 0 0 . C O O O
3 4 7 0 . 0 N 2 0 . 0 0 0 0 0 . 0 N 5 0 0 . C C O O
3 4 8 0 . 0 N 1 5 . 0 0 0 0 0 . 0 N 2 0 0 . C O O O
3 4 9 0 . 0 N 3 0 . 0 0 0 0 0 . 0 N 3 0 0 0 . 0 0 0 0
3 5 0 0 . 0 N 2 0 . 0 0 0 0 c . o N 7 C O . C C O O
V   P P M w P P M Y   P P M Z N P P M Z R   P P M
O O C O c . o N 2 0 . C C C O 0 . 0 N 7 C . 0 0 0 0
O C O O c . o N 2 C . C C C 0 C . O N l c c . c c c o
C C C C 0 . 0 N 2 0 . C C C O C . O N I C O . C C O O
0 0 0 0 0 . 0 N 3 0 . C O O O C . O N I C C . C O C O
C C C O 0 . 0 N 2 0 . O C O O 0 . 0 N I C C . C C C O
C C O O 0 . 0 N 5 0 . C C C O 0 . 0 N 1 5 0 . C O O O
O C C O 0 . 0 N 2 0 . C C O O 0 . 0 N 1 0 0 . C O O O
C C C O 0 . 0 N 2 0 . C C O O 0 . 0 N 1 5 C . C 0 C C
C C C C c . o N I C . C C C O 0 . 0 N I C O . C C C O
C C C O 0 . 0 N 1 5 . C C C O c . o N 7 0 . C C C O
C O O O 0 . 0 N 1 0 . C C O O 0 . 0 N 1 5 . C C C O
c o c o c . o N 1 0 . C C C O 0 . 0 N I C O . 0 0 0 0
O C C O 0 . 0 N 5 . C C C C L c . o N I C . C C C O
0 0 0 0 0 . 0 N 1 5 . C C C O 0 . 0 N 2 C . C 0 C 0
O O C O 0 . 0 N 2 0 . C C C O 0 . 0 N 2 0 . C O O O
C C C O c . o N 1 5 . C C C O c . o N 7 C . C 0 C 0
O C O O 0 . 0 N 2 0 . C C C O c . o N I C C . c o c o
C C C O 0 . 0 N 2 C . C C C 0 0 . 0 N I O C . C C C O
C C C C 0 . 0 N I C . C C C O c . o N 2 C . C 0 C 0
C O O O 0 . 0 N 1 5 . C C C O c . o N 2 C . C C 0 0
C C C O 0 . 0 N 2 0 . C C O O c . o N I C C . C C C C
C C C O 0 . 0 N 1 5 . C C C O c . o N I C . C C C O
C C C O c . o N 2 0 . O C O O 0 . 0 N 7 0 . C C C O
O C C C 0 . 0 N 2 0 . C C C O 0 . 0 N 7 0 . C O C O
c o c o c . o N 1 5 . C C C O 0 . 0 N 3 0 . C O C O
O O C O c . o N 2 C . C C C 0 c . o N 7 C . C C C 0
0 0 0 0 0 . 0 N 2 0 . C O C O c . o N 5 0 . C C C C
C C O O c . o N 3 0 . C C C O 0 . 0 N 7 C . C C C 0
c o c o 0 . 0 N 1 0 . C C C O c . o N 2 C . C C C 0
0 0 0 0 0 . 0 N 1 5 . C C C O 0 . 0 N 2 C . C C C C
C C C C c . o N 2 0 . C O O O 0 . 0 N 5 0 . C O O O
C C C O 0 . 0 N 2 0 . C C C O c . o N 1 5 C . C C C 0
0 0 0 0 0 . 0 N 1 5 . C C C O c . o N 5 C . C O C O
O C O O 0 . 0 N 3 0 . O C C O c . o N I C C . C C C C
C C C C 0 . 0 N 2 0 . C C C O c . o N 2 0 . C O C O
O O C O 0 . 0 N 1 0 . C C C O c . o N 5 C . C C C 0
C C C O 0 . 0 N 5 0 . 0 0 0 0 3 0 0 . 0 0 0 0 I C O . C C C C
O C C C 0 . 0 N 3 0 . C C C O 0 . 0 N 1 0 0 . C O C O
O C O O 0 . 0 N 3 0 . C C O O c . o N 2 C C i C 0 C 0
C C C C 0 . 0 N 2 0 . C C O O 0 . 0 N I C C . C O C O
C C C C 0 . 0 N 5 0 . C C C C 0 . 0 N 1 5 0 . C O O O
C C C C c . o N 3 0 . C C C O c . o N 1 5 C . C 0 0 0
0 0 0 0 0 . 0 N 2 0 . O C O O 0 . 0 N I C O . C C C O
O C C O 0 . 0 N 2 0 . C C C O 0 . 0 N 1 5 0 . C O C O
O C C O 0 . 0 N 2 C . C C C 0 c . o N I C C . C C C O
0 0 0 0 0 . 0 N 2 0 . C C C O c . o N 5 C . C C C 0
O C C O 0 . 0 N 2 C . C C C 0 c . o N I C C . c o c o
O O C O 0 . 0 N 1 5 . C O C O 0 . 0 N I O C . C O O O
O C O O 0 . 0 N 2 0 . C C O O c . o N I C C . C C C O


















































2 0 C ,
ROCK SPPL ELEMENTS
S A M P L E F E  P C  T M G  P C T C A  P C T T I  P C T M N  F P M A G  P P M A S P P M A U P P M B P P M B A  P P M
3 5 1 5 . 0 0 0 0 1 . 5 0 0 0 3 . 0 0 0 0 0 . 5 C 0 0 7 0 0 . C C 0 C 0 . 0 N O . C N 0 . 0 N 7 0 . C O C O 7 C O . C C O O
3 5 2 5 . 0 0 0 0 1 . 0 0 0 0 l . C O C O 0 . 5 0 0 0 5 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N I C C . C C C O 1 5 C C . C C 0 0
3 5 3 1 0 . 0 0 0 0 3 . 0 0 0 0 2 . 0 C C 0 0 . 5 0 0 0 1 5 0 0 . C O C O 0 . 0 N 0 . 0 N 0 . 0 N 3 0 . C C C O 1 5 C C . C C C C
3 5 4 7 . 0 0 0 0 2 . 0 0 0 0 3 . 0 0 0 0 0 . 3 0 0 0 1 0 0 0 . O C O O 0 . 0 N O . C N 0 . 0 N 5 C . C 0 C 0 1 C C C . 0 C C 0
3 5 5 5 . 0 0 0 0 1 . 5 0 0 0 3 . 0 0 0 0 0 . 1 5 0 0 1 5 0 0 . O C C O 0 . 0 N C . C N C . O K 3 0 . 0 0 0 0 5 0 0 . C C C O
3 5 6 1 5 . 0 0 0 0 0 . 1 5 0 0 1 . 0 0 0 0 0 . 3 0 0 0 1 5 0 . 0 0 0 0 1 . 5 0 0 0 0 . 0 N 0 . 0 N 5 C . C C C 0 1 5 C C . C C 0 0
3 5 7 7 . 0 0 0 0 0 . 3 0 0 0 2 . 0 0 0 0 0 . 3 C 0 0 3 0 C . C 0 0 O 0 . 0 N 0 . 0 N 0 . 0 N 7 C . C O C O 1 5 C C . C C C 0
3 5 8 7 . 0 0 0 0 0 . 1 5 0 0 0 . 0 5 0 0 0 . 3 0 0 0 1 5 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 7 C . C C 0 C 1 5 C C . C C C 0
3 5 9 5 . 0 0 0 0 0 . 0 7 0 0 1 . 0 0 0 0 0 . 2 0 0 0 1 0 0 0 . C C C O C . O N 3 0 0 0 . O C O O C . O N 3 0 . C O C O 5 C C . C C C 0
3 6 0 0 . 3 0 0 0 0 . 0 1 0 0 1 0 . 0 3 0 0 L 0 . 0 1 5 0 1 5 C . C C O O 0 . 0 N 1 5 0 C . C C C 0 0 . 0 N 5 . C C C 0 L 1 C . C C 0 0 L
3 6 1 5 . 0 0 0 0 2 . 0 0 0 0 1 . 5 0 0 0 0 . 5 0 0 0 1 5 0 0 . C O C O 0 . 0 N O . C N C . O N 1 5 . C C C O 2 C 0 . 0 C 0 0
3 6 2 1 . 5 0 0 0 1 . 0 0 0 0 7 . 0 0 0 0 0 . 1 5 0 0 1 C 0 0 . C 0 0 0 C . O N O . C N C . O N C . O  M I C C . C C C O
3 6 3 5 . 0 0 0 0 3 . 0 0 0 0 2 . 0 0 0 0 0 . 5 C 0 0 1 0 0 0 . C O C O 1 5 . C O O O O . C N 0 . 0 N 1 5 . C O C O 5 C C . C C 0 0
3 6 4 3 . 0 0 0 0 3 . 0 0 0 0 2 . 0 0 C 0 0 . 5 0 0 0 1 0 0 0 . 0 0 0 0 0 . 0 N O . C N 0 . 0 N 1 5 . C C C O 1 C . C C C C L
3 6 5 1 5 . 0 0 0 0 5 . 0 0 0 0 3 . 0 0 0 0 l . C C O O 1 5 0 0 . C C C O 0 . 0 N O . C N 0 . 0 N 1 5 . C O O O I C C . C C O O
3 6 6 3 . 0 0 0 0 1 . 5 C 0 0 1 5 . 0 0 0 0 0 . 1 5 0 0 7 0 0 . O C O O 0 . 0 N 0 . 0 N 0 . 0 N 2 C . C C 0 0 I C C . C C C O
3 6 7 1 0 . 0 0 0 0 1 . 5 0 0 0 2 . 0 0 0 0 0 . 5 0 C O 1 0 0 0 . C C C O 0 . 0 N 2 0 0 . C C O O C . O N 2 C . C C C C 1 C . C C C C L
3 6 8 3 . 0 0 0 0 1 . 0 0 0 0 7 . 0 0 0 0 0 . 3 0 0 0 3 O C . C C 0 0 1 . 5 C C 0 C . C N C . O N 2 C . C C C 0 1 C . C C C C L
3 6 9 1 5 . 0 0 0 0 1 . 5 0 0 0 7 . 0 0 0 0 0 . 7 0 0 0 1 0 0 0 . C C O O C . O N 0 . 0 N C . O N 7 C . C C C 0 1 C . C C 0 0 L
3 7 0 2 0 . 0 0 0 0 3 . 0 0 0 0 5 . 0 0 0 0 1 . 0 0 0 0 1 0 0 0 . C O C O 0 . 0 N 0 . 0 N 0 . 0 N 1 5 . C O O O 1 C . C C C C L
3 7 1 1 5 . 0 0 0 0 3 . 0 0 0 0 1 0 . C O C O 0 . 7 C 0 O 7 C C . C C C 0 1 . 5 C 0 0 C . C N C . O K 2 C . C 0 C 0 1 0 . C C 0 C L
3 7 2 1 0 . 0 0 0 0 3 . 0 0 0 0 7 . 0 0 0 0 0 . 7 0 0 0 1 0 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 3 C . C 0 0 C 1 O . C C O O L
3 7 3 1 0 . 0 0 0 0 5 . 0 0 0 0 1 0 . 0 0 0 0 0 . 3 C C 0 1 5 0 0 . C C C O 0 . 0 N 0 . 0 N 0 . 0 N 2 C . C C C 0 1 C . C C 0 C L
3 7 4 1 0 . 0 0 0 0 2 . 0 0 0 0 1 0 . 0 0 0 0 0 . 7 0 0 0 1 0 0 0 . O C O O 0 . 0 N O . C N C . O N 5 . C C C 0 L 1 0 . 0 C C 0 L
3 7 5 1 5 . 0 0 0 0 3 . 0 0 0 0 1 0 . 0 0 0 0 0 . 7 0 0 0 1 5 0 0 . O O C O 2 . C O O O 0 . 0 N 0 . 0 N 1 0 . C C C O 1 C . C C C C L
3 7 6 1 0 . 0 0 0 0 3 . 0 0 0 0 3 . 0 0 0 0 0 . 7 0 0 0 7 0 0 . C O C O 0 . 0 N O . C N C . O N 1 0 . C O O O 1 C . C C C C L
3 7 7 1 5 . 0 0 0 0 3 . 0 0 0 0 3 . 0 0 C 0 C . 7 C 0 0 1 C C C . C O O O 0 . 0 N O . C N C . O N 1 C . C C C O 1 0 . C C C G L
3 7 8 3 . 0 0 0 0 0 . 5 0 0 0 1 . 5 C 0 0 0 . 5 0 0 0 1 5 0 . C C C O C . O N 0 . 0 N C . O N 5 . C C C 0 N 1 C . C C C 0 L
3 7 9 1 5 . 0 0 0 0 2 . 0 0 0 0 3 . 0 0 0 0 0 . 2 C 0 O 1 C 0 C . C 0 C 0 3 0 . C C O O O . C N 0 . 0 N 1 5 . C O C O 1 C . C C C C L
3 8 0 1 5 . 0 0 0 0 3 . 0 0 0 0 3 . 0 0 0 0 0 . 5 0 0 0 1 0 0 0 . C O O O 0 . 0 N O . C N 0 . 0 N 1 5 . C O O O I C C . C C C O
3 8 1 1 5 . 0 0 0 0 0 . 7 0 0 0 1 . 0 0 0 0 0 . 7 0 0 0 1 0 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 1 5 . C O C O 1 C . C C C 0 L
3 8 2 1 0 . 0 0 0 0 0 . 2 0 0 0 7 . 0 0 0 0 0 . 3 0 0 0 1 5 0 0 . C C C O C . O N C . C N C . O N 1 C . C C C O 1 C . C C C 0 L
3 8 3 1 0 . 0 0 0 0 3 . 0 0 0 0 5 . C O C O 0 . 5 C C 0 7 0 C . 0 0 0 0 0 . 0 N 0 . 0 N C . O N I C C . C O C O 1 C . C C C C L
3 84 1 5 . 0 0 0 0 1 . 5 0 0 0 1 5 . 0 0 C 0 0 . 7 0 0 0 1 5 0 0 . O C O O 0 . 0 N 0 . 0 N C . O N 3 C . C C C C 1 C . C C C C L
3 8 5 1 5 . 0 0 0 0 2 . 0 0 0 0 7 . 0 0 C 0 C . 7 C 0 0 1 C 0 C . C 0 C 0 0 . 0 N O . C N 0 . 0 N 2 C . C 0 0 0 1 C . C C C C L
3 8 6 1 5 . 0 0 0 0 5 . 0 0 0 0 3 . 0 0 C 0 0 . 7 0 0 0 1 5 0 0 . 0 0 0 0 3 . 0 0 0 0 0 . 0 N C . O N 1 C . C C C O 1 C . C C 0 C L
3 8 7 5 . 0 0 0 0 1 . 5 0 0 0 1 . 5 C C 0 0 . 5 0 0 0 1 0 0 C . 0 C C 0 0 . 0 N C . O N 0 . 0 S 1 5 . C O C O 1 5 C . C C C 0
3 8 8 7 . 0 0 0 0 3 . 0 0 0 0 2 . 0 0 0 0 0 . 5 0 0 0 1 0 0 0 . 0 0 0 0 0 . 0 N O . C N C . O N I C . C C C O I C C . C C C O
3 8 9 1 . 5 C 0 0 0 . 1 5 0 0 3 . 0 0 C 0 0 .  1 0 0 0 1 5 0 . O C C O 0 . 0 N 0 . 0 N 0 . 0 N C . O  N 1 C . C C C C L
3 9 0 5 . 0 0 0 0 1 . 5 0 0 0 0 . 7 0 C 0 C . 3 0 0 0 1 0 0 C . C 0 C 0 0 . 2 5 0 0 L 0 . 0 N C . O N I C . C O C O 1 C . C C C 0 L
3 9 1 7 . 0 0 0 0 l . O C O O 2 . 0 0 C 0 0 . 5 C 0 0 5 0 0 . O O C O 1 0 . 0 0 0 0 0 . 0 N C . C N 1 5 . C O O O 1 C . C C C 0 L
3 9 2 1 5 . 0 0 0 0 3 . 0 0 0 0 3 . C O C O l . O C O O 1 0 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 3 0 . C O C O 1 C . C C C C L
3 9 3 1 0 . 0 0 0 0 3 . 0 0 0 0 7 . 0 0 0 0 C . 7 C C 0 1 C 0 C . C 0 C 0 0 . 0 N O . C N 0 . 0 N 3 0 . 0 0 0 0 1 C . C O C O L
3 9 4 1 5 . 0 0 0 0 5 . 0 0 0 0 5 . 0 0 C 0 C . 7 0 0 0 1 5 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 1 5 . C O C O 1 C . 0 C C C I
3 95 1 5 . 0 0 0 0 7 . 0 0 0 0 2 . 0 0 0 0 l . C O O O 1 5 0 0 . C C C C 0 . 0 N 0 . 0 N C . O N 1 C . C O O O 1 C . 0 C G C L
3 9 6 1 5 . C O C O 3 . 0 0 0 0 5 . 0 0 C O l . C O O O 1 C 0 C . C C 0 C 0 . 0 N O . C N 0 . 0 N 1 5 . C C C O I C . C C C O L
3 9 7 1 5 . 0 0 0 0 3 . 0 0 0 0 3 . C 0 0 0 0 . 7 0 0 0 1 0 0 0 . 0 0 0 0 1 0 . 0 0 0 0 0 . 0 N C . O N I C . C C C O 1 0 . C C 0 0 L
3 9 8 . 1 5 . 0 0 0 0 3 . 0 0 0 0 2 . 0 0 0 0 0 . 7 0 0 0 1 0 0 0 . C O O O 0 . 0 N O . C N C . O N 1 0 . C C O O I C . O C C O L
399 5 . 0 C 0 0 2 . 0 0 0 0 5 . 0 C C 0 0 . 5 0 0 0 7 0 0 . 0 0 0 0 0 . 0 N 0 . 0 N 0 . 0 N 5 . C 0 C 0 L 1 C . C C 0 C L
4 0 0 5 . 0 0 0 0 3 . 0 0 0 0 1 . 5 C C 0 C . 5 C C 0 7 0 0 . C C C O 0 . 0 N O . C N 0 . 0 N 2 0 . C O C O I C . C C C O L
'3Sg£giX'.
in i M---- - -- ---
R O C K  S M P L  E L E M E N T S
S A M P L E B e PPM B I P P M CO P P M C R  P P M CU P P M LA PPM MC PPM N B  P P M N X  P P M P B  P P M
351 0.5C00L 0 . 0 N 10 .0000 7 0 .0 0 0 0 30.0 000 20.00 00 0 . 0  N 0 . 0  N 2 0 . COCO 5.CC0CL
352 0.5000 L 0 . 0 N 2 0 . COCO 3 0 .0 0 0 0 5C.00CC 0 . 0 N 2.5CC0L 1 0 . COCO 3C.C0C0 IC.CCCO
353 1 . 0 0 0 0 c .o N 3 0 . COCO 2 0 .00 00 15 0.00 00 10.CC00L 2.5CC0L IC.CCCC 15.CCC0 5.CCCCL
354 1 . 0 0 0 0 0 . 0 N 30.0CCO 10 0.000 0 10 0.000 0 0 . 0 N 0 .0  N 1 0 . COCO 3 0 . CCCC C.C N
355 0.5 0 0 0 L 0 . 0 N 30.0 000 7C.COOO 7C.CCCC O.C N 0 .0  N 1 0 . OCCO 7 0 . COCO 0 . 0  N
356 0 .5 000 L 0 . 0 N 15.00CO 7 0 .0 0 0 0 200.0 000 0 . 0 N 5 0 . COCO 1 0 . COCO 7C.CCC0 15 .0 0 0 0
357 1 .0 0 0 0 o . c N 3 0 . COCO 1 5 . COCO 7 0 . COCO lO.COOOL 5 . OCCO 1 0 . CCCC 7 0 . CCCC C.C N
358 1.5 0 0 0 0 . 0 N 20.00 00 15.0C00 7 0 . COCO IC.CCOOL 5 . CCCC 1 C . COCO 3 0 . COCO 5.CCC0L
359 0 . 0 N 0 . 0 N 3 0 . COCO 1C.CC00 100.CC00 0 . 0 N 2.5CC0L 5.CCC0L 5C.CCC0 C.C N
360 0 . 0 N 0 . 0 N 7.00C0 2.5C00L 1 5 . COCO 0 . 0 N O.C N 5.CCC0L 2.5CC0L C.C N
361 0 . 0 N 0 . 0 N 3 0 .0 0 0 0 7 0 .0 0 0 0 70.CCC0 0 . 0 N 2.5CC0L 1C.CCC0 30.CCC0 C.O N
362 0 . 0 N 0 . 0 N 5.O0C0 3 0 .0 0 0 0 7 0 .0 0 0 0 0 . 0 N 0 .0  N 5.CC00L IC.CCCO 5.CCCCL
363 0 . 0 N 0 . 0 N 3 0 .0 0 0 0 1 0 0 . COCO 2C000. CCCOG 0 . 0 N 2.5GC0L 1C.CCC0 3C.CCC0 5 .0 0 0 0  L
364 0 . 0 N 0 . 0 N 3 0 .0 0 0 0 150.00CO 300.00C0 0 . 0 N 2.50C0L 10 .0 000 3 0 . CCCC C.C N
365 0 . 0 N 0 . 0 N 50.00C0 1 5 0 . COCO 1 0 0 . COCO 0 . 0 N 2.5C00L 5.CCC0L 1CC.CCC0 5.CCCCL
366 0 . 0 N 0 . 0 N 5 . COCO 1 0 . COCO 7C.CCCC 0 . 0 N O.C N 5.00C0L 1 5 . CCCC C.O N
367 0 .5 000 L 0 . 0 N 3 0 .0 0 0 0 3 0 .0 0 0 0 I O C . 0000 0 . 0 N 2.5C00L 1 5 . COCO 7C.CCCC C.C N
368 0 . 0 N 0 . 0 N 2.5CC0L 15C.CCC0 5C0.CCCC C.O N C.O N IC.CCCO 1 5 . COCO C.O N
369 0 . 0 N 0 . 0 N 7 0 .0 0 0 0 150.00 00 100.00CC 0 . 0 N 2.5C0CL 1 0 . OCCO 15C.C0C0 5.CCC0L
370 0 . 0 N 0 . 0 N 7 0 .0 0 0 0 . 15C.00C0 10C.CCC0 0 . 0 N 2.5C00L 1 C . COCO 15C.CCC0 C.C N
371 0 . 0 N 0 . 0 N 7 0 .0 0 0 0 7C0.0000 1 5 0 0 0 . COCO 0 . 0 N 2.5CC0L IC.CCCO 15C.CCC0 5.CC0CL
372 0 . 0 N 0 . 0 N 5C.0CC0 I O C . 0000 7 0 .0 0 0 0 0 . 0 N 2.5000L 1 0 . COCO 7C.CCCC 5.CC0CL
373 0 . 0 N 0 . 0 N 30.0CCO 7C.CC00 7 0 . COCO c .o N 0 . 0  N 10 .0 0 0 0 5 0 . COCO C.O N
374 0 .5 0 0 0 1 0 . 0 N 3O.OCC0 15C.0000 7C.CCC0 0 . 0 N C.C N IC.CCCO 7C.CCC0 C.O N
375 0 . 0 N 0 . 0 N 50.0 0 0 0 150.0C00 1 5C0C. COCO 0 . 0 N 0 . 0  N 1 0 . OCCO IOC.COCO 5.CCCCL
376 0 . 0 N c .o N 20.00 00 7 0 . COCO 7C.CCCC 0 . 0 N C.C N 10.CCC0 5 0 . COCO 5.CCC0L
377 0 . 0 N 0 . 0 N 30.0CC0 150.00 00 1 5 0 . OCCO 0 . 0 N 0 . 0  N 10.CCC0 7 0 . COCO 5.0CCCL
378 0 . 0 N c . o N 0 .0  N 15.CCC0 2.5CC0L 0 . 0 N 0 . 0  N 5.00C0L 1 5 . CCCC C.C N
379 0 . 0 N 0 . 0 N 3 0 .0 0 0 0 150.0000 2 0 0 0 0 . COCOG 0 . 0 N 2.5CC0L 1C.00C0 7 0 . COCO 3C.0CC0
380 0 . 0 N 0 . 0 N 30.0 0 0 0 150.CCC0 1 5 0 . OCCO 0 . 0 N 2.5C00L 1 0 . OCCO 7C.CCCC 5.CCCCL
381 0 . 0 N 0 . 0 N 7 0 .00 00 15C.C000 15C.CCC0 0 . 0 N 2.5CC0L lO.OOCO 1 5 0 .COCO 5.0CC0L
382 0 . 0 N 0 . 0 N 30.0 C 00 2 00.0000 7 . COCO c . o N C.O N 5.0CC0L 7C.CCC0 C.O N
383 0 . 0 N 0 . 0 N 30.00C0 15C.CCC0 15C.CC0C 0 . 0 N C.C N 1 0 . COCO 7C.COCO C.C N
384 c . o N 0 . 0 N 10.00C0 150.C000 5.00CC 0 . 0 N 2.5CC0L IC.CCCO 5C.CCCC C.O N
385 0 . 0 N 0 . 0 N 7 0 .0 0 0 0 2 00.0000 7 0 .0 0 0 0 0 . 0 N 2.5CC0L 1 0 . COCO ICC.OCCO C.C N
386 0 . 0 N 0 . 0 N 5C.OCCO 1 5 0 . OCCO 1 0 0 0 0 . CCCC 0 . 0 N 2.5CC0L 10 .0000 1C0.CCC0 C.C N
387 0.5C00L 0 . 0 N 3 0 . COCO 10 0.0000 15C.0000 0 . 0 N 2.5CC0L IC.CCCO 7C.0CCC C.C M
388 0 . 0 N 0 . 0 N 3C.0C00 15C.C0C0 20C.CCC0 0 . 0 N 2.5CC0L 1C.00C0 7 0 . C 0 C 0 5.CCCCL
389 c . o N 0 . 0 N 2.5C00L 1 C . COCO 7CC.CCCC 0 . 0 N C.C N 5.CCC0L IC.CCCO C.O N
390 0 . 0 0 . 0 N 3 0 . COCO 3C.0CC0 500.00 00 0 . 0 N 2.5CC0L IC.CCCO 3C.CCC0 C.C N
391 0 . 0 N c . o N 2C.OOOO 70.0CCC 2CC0C. OCCOG o . c N 2.5CC0L IC.CCCO 3C.CCCC 5.C00CL
392 0 . 0 N 0 . 0 N 5 0 . COCO 150.00 00 7C.CCC0 0 . 0 N 2.5CCCL 1 C . OCCO 1CC.CCC0 5 . CCOCL
393 0 . 0 N 0 . 0 N 30.0CCO 1 5 0 . COCO 3C.COOO 0 . 0 N 2.5CC0L IC.CCCO 7C.CCC0 C.C N
394 0 . 0 N 0 . 0 N 50.0 0 0 0 1 5 0 . OCCO 20C.CCCC 0 . 0 N 2.5CC0L 10.CC00 1 0 0 . COCO C.C N
395 0 . 0 N 0 . 0 N 5 0 . COCO 300 .000 0 7 0 .0 0 0 0 0 . 0 N 2.5CC0L 10 .0000 IC O .coco 5.CCC0L
396 0 . 0 N 0 . 0 N 50.0 0 0 0 300.CC00 7C.C0CC 0 . 0 N 2.5CC0L lO.COOO ICO .coco 5.CCCCL
397 0 . 0 N c .o N 30.0 0 0 0 150.00 00 2COOO.OOCOG 0 . 0 N 2.5CC0L 10.CCC0 7C.CCC0 5.CCC0L
398 0 . 0 N c . o N 3 0 . COCO 15 0.00 00 3 0 0 . OCCO 0 . 0 N 2 . 5CC0L 1 0 . OCCO 70.CCC0 C.O N
399 0 . 0 N c .o N 2C.00C0 150.00 00 150C.CCC0 0 . 0 N 2.5CC0L 10.CCC0 3C.CCOO C.O N


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































R O C K  S M P L  E L E M E N T S
R O C K  S M P L  E L E M E N T S
SAMPLE FE PC T MG PC T CA PC T T I PC T mn  ppp AG PPM AS PPP AU PPM B PPM BA PPM
401 7 .0 0 0 0 1.00 00 1.5 0 0 0 0 .7 0 0 0 1 0 0 0 . c c c c 0 . 0  N C.C N 0 .0 N 3 0 . COCO 1 5 0 . CCOO
402 5 .0 0 0 0 1.5 0 0 0 1.5COO 0 .5 0 0 0 5 0 0 . COCO 0 . 0  N o . c N 0 .0 N 1 C . COCO 10.CC0CL
403 5.C000 3.00 00 5.00CC 0.3CC0 1 0 0 0 . coco 0 . 0  N O.C N 0 .0 N 2C.C0C0 1C.CCC0L
404 5 .0 0 0 0 2 .0 0 0 0 7 .0 0 0 0 0 .3 0 0 0 10 00.0000 0 . 0  N 0 .0 N C.O N 1 5 . COCO 1C.CCC0L
405 3 .0 0 0 0 1.0 0 0 0 5 . COCO 0 .1 5 0 0 7 0 0 . COCO 3 0 .0 0 0 0 0 .0 N 0 . 0 N 2C.C000 10.CCCCL
406 7 .0 0 0 0 1.5000 2.00C0 C . 7000 1 0 0 0 . coco C.O N C.O N C.O N 2 0 . COCO 10.CCC0L
407 5 .0 0 0 0 1.5 0 0 0 7 . COCO C.5 000 7 0 0 .0 0 0 0 0 . 0  N 300.0C00 0 .0 N 20C0.COCOG 1C.CCCCL
408 1 5 .0 0 0 0 1.5 0 0 0 7.0 0 C 0 C.7C00 1 0 0 0 . coco C.O N C.C N 0 .0 N 3 0 . CCCO 1C.CCCCL
409 10 .0 000 1.5 0 0 0 7 .0 0 0 0 0 .7 0 0 0 7 0 0 . COCO 20.00 00 C.C N 0 .0 N 1 C . CCCO IC.CCCCL
410 10 .0 000 2.0C00 5.0CC0 0 . 7C00 7 0 0 . COCO 3 .0 0 0 0 O.C N 0 .0 N IC.COCO 1C.CCCCL
411 3 .0 0 0 0 1 .0 0 0 0 7 .0 0 0 0 0.3C00 2 0 0 . COCO 0 . 0  N C.O N 0 .0 N 5.C0Q0L IC.CCCCL
412 5 .0 0 0 0 2 .000 0 3.00CO 0 .3 0 0 0 1 0 0 0 . coco C.O N o . c N C.O N 1 C . CCCO ICO.CCOO
413 5 .0 0 0 0 1.00 00 3.COOO 0.20C0 500.00 00 7 0 .0 0 0 0 0 .0 N C.O N 2C.CCC0 ICC.CCCC
414 1 5 .0 0 0 0 1.5 0 0 0 5 . COCO 0.7CC0 100C.CCC0 0 . 0  N C.C N 0 . 0 N 1C.00C0 IC.CCCCL
415 10 .0 0 0 0 3 .00 00 5 .0 0 0 0 0.2C00 7 0 0 .0 0 0 0 0 . 0  N 0 .0 N 0 .0 N IC.COCO ICC.CCCO
416 15 .0 0 0 0 2 .000 0 7.00C0 0 .7 0 0 0 1 0 0 0 . oocc 0 . 0  N 0 .0 N 0 .0 N 3 0 . CCCC IC.CCCCL
417 5 .0 0 0 0 1.5 0 0 0 0 .1 5 0 0 0.5CC0 15CC.CCCC 0 . 0  N o . c N 0 .0 N 3C.CCOO 7CC.CCCC
418 5 .0 0 0 0 1.0000 0.05C0 0 .3 0 0 0 3 0 0 . CCCC C.O N C.C N C.O N 1 5 . CCCO 5CC.CCC0
419 7 .0 0 0 0 2 .000 0 0 .0 300L 0.5COO 7 0 0 .0 0 0 0 0.2 500L 0 .0 N C.O N 3O.COO0 3CC.CC0C
420 15.00C0 3 .0 0 0 0 5 .0 0 0 0 C.7C00 15CC.CCCC C.25C0L C.C N C.O N 1 5 . COCO IC.CCCCL
421 0 .3 0 0 0 0 .0 3 0 0 2C.0CC0 0 .0 1 5 0 500.00 00 0 . 0  N 0 .0 N 0 .0 N C.O N 1C.CCC0L
422 15 .0 0 0 0 5 .0000 7 . COCO 0 .30 0 0 70C.CCC0 0 . 0  N 0 .0 N 0 . 0 N 1 C . CCCC IC.CCCCL
423 . 15 .0 0 0 0 3.00CC 7 .0 0 0 0 0 .3 0 0 0 500 .0 0 0 0 0 . 0  N o .c N 0 .0 N IC.COCO 1C.CC00L
424 7 .0 0 0 0 2 .000 0 1.50C0 0 .7 0 0 0 7 0 0 .0 0 0 0 1.0 0 0 0 0 .0 N C.O N IC.COCO 3 0 0 . CCCC
425 5 .0000 3 .0 0 0 0 1.5 0 0 0 0 .2 00 0 2 0 0 . CCCC 1 5 .0 0 0 0 0 .0 N C.O N 5.C00CL IC.CCCCL
426 15.0CC0 3 .0 0 0 0 5.00C0 l.COCO 100C.CCCC C.O N C.C N C.O N 1 5 . CCCO 3CC.CC00
427 15 .000 0 3 .00 00 7.00C 0 0 .7 0 0 0 15 00.0 000 0 .0  N 0 .0 N 0 .0 N 3C.CCC0 ICC.CCCO
428 2 0 .00 00 7.0000 1 5 . COCO 1 .CCOOG 3 0 0 0 . COCO C.C N 0 .0 N 0 .0 N 1 0 . COCO 2CC.CCCC
429 10 .0 000 1.5 0 0 0 3 .00 00 1.00 00 1 5 0 0 . OCCO 0 . 0  N O.C N C.O N 1 C . CCCO 1 5 0 . CCCO
430 1.00 00 0 .0 2 0 0 0.03C0L 0.0 1C 0 70.0CC0 0.2 500L 0 .0 N 0 .0 N 5.C0C0L 2C.CCCC
431 3 .0 0 0 0 0 .5 0 0 0 0 .7 0 0 0 0 .1 5 0 0 7 0 0 . COCO l.COOO C.C N 0 .0 N 1 5 . CCCO 30C.CCCO
432 1.5 0 0 0 0.2C00 0 .1 0 0 0 0 .0 7 0 0 IOC.OCCO 0 .5 000 C.C N C.O N 5.CCCCL ICC.CCCC
433 0. 1000 C.0100L 0.0 3C01 0 .0 1 0 0 150.00 00 0 .0  N 0 .0 N C.O N 5.CCCCL IC.CCCCL
434 1.5 000 0 .1 0 0 0 3.00C0 C.C3C0 7 0 0 . CCCC l.COOO C.O N 0 .0 N 5.C000L 5C.CCCC
435 1.5 0 0 0 0 .3 0 0 0 2 .0000 0 .1 5 0 0 500 .0 0 0 0 0 . 0  N 0 .0 N 0 .0 N 2C.C000 3C0.CC00
436 20.00 00 1.5 0 0 0 2 .000 0 0 .5 000 1 5 0 0 . CCCC 5.C000 3 0 0 0 . CCOO 5.0000L 7 0 . CCCO 1CCC.0CCC
437 5 .0 0 0 0 0 .7 0 0 0 1.5000 0 .3 0 0 0 50C.CCCC C.O N C.C N C.O N 5.CCC0L 15C.CCC0
438 7 .0 0 0 0 2.0C00 5.00C0 0 .5 0 0 0 1 5 0 0 . CCCO 0.2500L o .c N C.O N 5.C000L 3 0 0 . OCCO
439 5 .0 0 0 0 0 .5 0 0 0 0.05C0 1 .COCO 20C.CCCO 0.2 500L 7C0.CCCC C.O N 5.C0C0L 3CC.CCCC
440 3 .00 00 1.5 000 2.0C00 C .3000 5 0 0 . CCCC C.O N C.C N C.O N 5.CCC0L 30C.CCCC
441 3.CC00 0.5C00 C . 7000 0 .2 0 0 0 3 0 0 . OCCO 0.2 5 0 0 1 2 0 0 . CCCO C.O N ICC.COCO 15C.CCCC
442 15 .0 0 0 0 0 .7 0 0 0 0 .7 0 0 0 0 .2 00 0 7 0 0 . COCO 15.C000 lOO.OCCOL 5.C0C0L 7 0 . COCO 3CC.CCC0
443 3 .0 0 0 0 0.5C00 1.00C0 0 .2 00 0 300 .000 0 1.5C00 C.O N 0 .0 N 5.CCC0L 15C.CCCC
444 5 .0000 0.5C00 0 . 7COO 0•3000 500.00 00 15 .000 0 lOO.OCCOL 0 .0 N IOC.CCCO 2CC.CCCC
445 3 .0 0 0 0 1.0000 2.00CO C.2000 1 0 0 0 . CCCC 0 . 0  N o .c N 0 .0 N 5.C000L 15C.CCCC
446 7 .0 0 0 0 3 .00 00 3 .00 00 0 .5 000 ICOC.OOCO 0.2500L o.c N C.O N IC.COCO 5CC.CCC0
447 10 .0000 0 .7 0 0 0 0 .0 7 0 0 C•2000 20C.COCO 2.C000 700.0 000 0.0 N 1 0 . CCCO 7CC.CCCC
448 5.00C0 0 .2 00 0 C . 1000 0 .0 7 0 0 1 5 0 . CCCO 0.25C0L 1C0.CCC0L C.O N 5.CCC0L 1 5 0 . OCCO
449 5 . COCO C.7C00 C.30CC 0.3CCO 300.0C00 1.5 0 0 0 7 0 0 . CCCO 0.0 N IC.COCO 7CC.CCCC
450 2 .000 0 0 .2 00 0 l.OCCO 0. 1500 3 0 0 . CCCO l.COOO O.C N C.O N 0 .0  N 3CC.CCCC
336
RO C K  S M P L  E L E M E N T S
S A M P L E B E PPM B I P P M CC PPM CR PPM Cl l  PPM LA PPM MC PPM NB PPM N I PPM PB PPM
401 0 . 0 0 . 0 N 3 0 . 0 0 0 0 7 0 . 0 0 0 0 2 0 0 . 0 C C 0 0 . 0 N 2 . 5 C C 0 L 1 0 . COCO 7 C . C 0 C 0 C . C  N
402 0 . 0 N 0 . 0 N 3 0 . 0 0 0 0 1 5 0 . 0 0 0 0 2 0 0 . 0 0 0 0 C .O N 2 . 5 C C C L 1 0 . C C C C 7 C . C C 0 0 5 . C C 0 0 L
403 0 . 0 0 . 0 N 3 0 . COCO 2 0 0 . 0 0 0 0 2 0 . 0 0 0 0 0 . 0 N 2 . 5 C 0 0 L 1 0 . OOCO 7 C . C C C C C . C  N
404 0 . 0 N 0 . 0 N 3 0 . 0 0 0 0 1 5 0 . 0 0 0 0 5 C . C 0 0 C C .O N 2 . 5 C O O L 1 0 . 0 0 0 0 7 0 . 0 0 0 0 5 . C C 0 C L
405 0 . 0 N 0 . 0 N 2 0 . 0 0 0 0 5 0 . 0 0 0 0 2 0 0 0 0 . 0 0 0 0 0 . 0 N 2 . 5 C C 0 L IC .O C C O 3 0 . COCO 5 . 0 0 0 0 L
406 0 . 0 N 0 . 0 N 3 0 . 0 0 0 0 1 5 0 . 0 0 0 0 7 0 . 0 0 0 0 0 . 0 N 2 . 5 C C 0 L l O . O C C O 7 C . C C C 0 5 . C C C C L
407 0 . 0 N 0 . 0 N 2 0 . 0 0 0 0 1 5 0 . C 0 0 0 5 C . 0 C C 0 0 . 0 N O . C  N 1 0 . c o c o 7 C . C 0 0 0 C . C  N
408 0 . 0 M 0 . 0 N 5 0 . 0 0 0 0 15C .OCOO 1 0 0 . 0 0 0 0 0 . 0 N 2 . 5 C O O L l O . O C C O IC O .C O C O C .O  N
409 0 . 0 N 0 . 0 N 3 0 . 0 0 0 0 1 5 0 . C C 0 0 2 0 0 0 0 . CCOOG 0 . 0 N 2 . 5 C C 0 L 1 0 . C C C 0 7 0 . COCO 5 . 0 C C C L
410 0 . 0 N c . o N 3 0 . 0 0 0 0 1 0 0 . C C 0 0 1 5 C 0 C . C C C C o . c N 2 . 5 C C 0 L 1 C . C C C 0 7 C . C C C 0 C .O  N
411 0 . 0 N 0 . 0 N 7 . 0 0 0 0 7 0 . 0 0 0 0 1 5 0 . 0 0 C C 0 . 0 N O .C  N 5 . C C C 0 L 3 0 . 0 0 0 0 C . C  N
412 0 . 0 N 0 . 0 N 3 0 . 0 0 0 0 1 5 0 . 0 0 0 0 1 5 C . 0 C C C o . c N 2 . 5 C C 0 L 1 0 . 0 0 0 0 5 C . C C C C 5 . 0 C 0 0 L
413 0 . 0 N 0 . 0 N 3 0 . 0 0 0 0 7 0 . 0 0 0 0 2 0 0 0 0 . CCCOG 0 . 0 N 2 . 5 C 0 0 L lO .O C C O 3 0 . COCO 5 . C C 0 0 L
414 0 . 5 0 0 0 L 0 . 0 N 5 0 . 0 0 0 0 1 5 0 . 0 0 0 0 3 0 0 . 0 0 0 0 0 . 0 N 2 . 5 C 0 0 L l O .O C C O IC O .C OCO C . C  N
415 0 . 0 N 0 . 0 N 3 0 . 0 0 0 0 2 0 0 . 0 0 0 0 1 0 0 . COCO 0 . 0 N 2 . 5 C C 0 L l O .O C C O 7 0 . COCO 5 . C C C C L
416 0 . 0 N 0 . 0 N 5 0 . 0 0 0 0 7 0 . C C 0 0 1 5 0 . 0 0 0 0 0 . 0 N 2 . 5 C C 0 L 1 0 . C C C 0 5 C . C C C 0 5 . C C C C L
417 1 . 5 0 0 0 0 . 0 N 1 0 . 0 0 0 0 3 0 . C C 0 0 5 0 . C C C 0 0 . 0 N 2 . 5 C C 0 L 1 0 . 0 0 0 0 5 0 . 0 0 0 0 C . C  N
418 0 . 0 N 0 . 0 N 2 . 5 0 0 0 L 2 . 5 C 0 0 L 3 C . C C C C 0 . 0 N 2 . 5 C C O L 1 0 . COCO 5 . C C C 0 5 . C C C 0 L
419 0 . 0 N 0 . 0 N 2 . 5 C C 0 L 1 5 . COCO 1 5 . 0 0 0 0 0 . 0 N 2 . 5 C 0 0 L 1 0 . C C C 0 1 C . COCO C . C  N
420 0 . 0 N c . o N 7 0 . 0 0 0 0 1 5 0 . 0 0 0 0 1 5 0 . C 0 C C o . c N 2 . 5 C C C L 1 0 . OOCO 1 C C . C C C 0 2 C . C C 0 0
421 0 . 0 N c . o N 0 . 0  N - 0 . 0  N 5 C . 0 C C C c . o N 0 . 0  N 5 . C C C C L C .O  N C . C  N
422 0 . 0 N 0 . 0 N 3 0 . 0 0 0 0 7 0 0 . 0 0 0 0 l OO .OO CO 0 . 0 N 2 . 5 0 0 0 L l O . O C C O 1 5 C . C C C C 1C .CCO O
423 0 . 0 N 0 . 0 N 2 0 . 0 0 0 0 5 0 0 . 0 0 0 0 7 C . C C C 0 0 . 0 N 2 . 5 C C 0 L 1 0 . 0 0 0 0 7 C . 0 0 0 C 5 . C C C C L
424 0 . 5 0 0 0 L 0 . 0 N 2 0 . 0 0 0 0 2 . 5 C 0 0 L 7 0 . 0 0 0 0 0 . 0 N 2 . 5 0 0 0 L lO .O C C O 2 C . C 0 C C C . C  N
425 0 . 0 N 0 . 0 N 3 0 . 0 0 0 0 2 . 5 0 0 0 L lOCO O .OC CO 0 . 0 N 2 . 5 C C 0 L 1 C . 0 0 0 0 2 0 . COCO C . C  N
426 0 . 5 0 0 C L 0 . 0 N 7 0 . 0 0 0 0 1 5 . 0 0 0 0 3 0 . 0 0 0 0 c . o N 2 . 5 C C C L 1 C . C C C 0 2 C . C C C 0 5 . 0 C C 0 L
427 0 . 5 C G 0 L 0 . 0 N 7 0 . 0 C C 0 1 5 0 . 0 0 0 0 2 0 0 . 0 0 0 0 0 . 0 N 2 . 5 0 0 0 L 1 0 . 0 0 0 0 IO C . COC O 5 . C C C C L
428 0 . 0 N c . o N 5 0 . 0 0 0 0 1 5 0 . 0 C 0 0 1 5 C . 0 C C 0 2 0 . 0 0 0 0 O .C  N 0 . 0  N 1 5 C . C C C 0 5 . C C C 0 L
429 0 . 5 0 C 0 L 0 . 0 N 3 0 . 0 0 0 0 2 . 5 C O O L 5 0 . 0 0 0 0 0 . 0 N 2 . 5 C C C L lO .O C C O 1 5 . C 0 0 0 C .O  N
430 0 . 0 N 0 . 0 N 5 . 0 0 0 0 O .C  N 1 5 . 0 0 C O 0 . 0 N 2 0 . C C 0 O 0 . 0  N 2 . 5 C C C L C . C  N
431 0 . 5 0 0 0 L c . o N 1 0 . 0 0 0 0 0 . 0  N 3 C . 0 C C 0 l O . C C O O L 5 0 . C C C 0 0 . 0  s 5 . CC CO 5 . C C C 0 L
432 0 . 5 0 0 0 L 0 . 0 N 2 . 5 C 0 C L C . O  N 5 . 0 0 0 0 1 0 . 0 0 0 0 L 5 . COCO 5 . C 0 0 0 L 2 . 5 C C 0 L C . C  N
433 0 . 0 N 0 . 0 N 0 . 0  N 0 . 0  N O .C  N c . c N C . C  N 0 . 0  N 2 . 5 0 C 0 L C . C  N
434 • 0 . 5 0 0 0 N c . o N 7 . 0 0 C 0 0 . 0  N 7 0 . COCO l O .C C O O L 3 O .C C C 0 C .O  N 5 . COCO C .O  N
435 0 . 5 0 0 0 L 0 . 0 N 5 . 0 0 0 0 0 . 0  N 5 . 0 0 0 0 2 0 . 0 0 0 0 3 0 . COCO 1 0 . COCO 2 . 5 C C C L 5 . C C C C L
436 1 . 5 0 0 0 2 0 . 0 0 0 0 7 0 . 0 0 0 0 1 5 . 0 0 0 0 3 0 0 . COCO c . c N 1 5 0 . C C 0 0 1 5 . COCO 1 5 . COCO 1 5 . 0 C C 0
437 0 . 0 N c . o N 7 . COCO 7 0 . 0 0 0 0 l OO .OC CO 1 C . 0 0 0 0 L 3 0 . C C C 0 0 . 0  N 3 0 . COCO 5 . C C C 0 L
438 0 . 0 N c . c N 1 5 . COCO 1 0 . COCO 7 0 . COCO 1 C . C 0 0 0 L 2 . 5 0 0 0 L 5 . CO OOL 7 . COCO 5 . C C C C L
439 0 . 0 N 0 . 0 N 2 0 . 0 0 0 0 1 C . COCO lO O .O C C O c . c N 2 . 5 C C 0 L 5 . 0 0 0 0 L 7 . 0 0 0 0 C .O  N
440 0 . 0 N 0 . 0 N 1C .CCO O 1 0 0 . 0 C C 0 5 0 . 0 0 0 0 2 0 . 0 0 0 0 0 . 0  N 0 . 0  N 3 0 . COCO 5 . C C C C L
441 0 . 0 N 0 . 0 N 7 . 0 0 0 0 2 . 5 0 0 0 L 5 0 . COCO 0 . 0 N 2 . 5 C C 0 L 1 0 . OOCO 1 0 . COCO C . C  N
442 0 . 5 0 0 0 L 0 . 0 N 1 5 . 0 0 0 0 1 5 . COCO 3 0 C . 0 0 C 0 0 . 0 N 1 5 . C C C 0 1 5 . C C C C 5 . COCO 1 C . C C C 0
443 0 . 0 5 . C 0 0 0 L 7 . 0 0 0 0 3 0 . 0 0 0 0 3 0 . 0 0 0 0 2 0 . 0 0 0 0 2 . 5 C C 0 L 0 . 0  N 1 5 . C 0 0 0 1 C . COCO
444 0 . 5 0 0 0 L 0 . 0 N 3 0 . 0 0 0 0 1 C . COCO 1 5 C . 0 0 C C 0 . 0 N 2 0 . C C C 0 1 0 . 0 0 0 0 1 0 . COCO O . C  N
445 0 . 5 C 0 0 L o . c N 1 0 . 0 0 0 0 0 . 0  N 3 0 . 0 0 0 0 l O . C C O O L 2 . 5 C C 0 L C . O  N 7 . COCO C . C  N
446 0 . 5 C 0 0 L 0 . 0 N 7 . 0 0 0 0 7 0 . 0 0 0 0 1 5 0 . 0 0 0 0 0 . 0 N 5 0 .OC 00 l O . C C O O 7 . COCO 5 . C C C C L
447 0 . 5 0 0 0 L 0 . 0 N 7 . 0 0 0 0 1C .CCO O 1 5 0 . OOCO 0 . 0 N 1 5 0 . C C C 0 1 0 . 0 0 0 0 5 . COCO 5 . C C C C L
448 0 . 0 N 0 . 0 N 5 . 0 0 0 0 1 5 . 0 C C 0 7 0 . 0 0 0 0 c . o N 1 5 0 . C C C O l O . O C C O 1 5 . C C C 0 C .O  N
449 0 . 5 0 0 0 L 0 . 0 N 1 0 . 0 0 0 0 1 C . 0 0 C 0 1 5 C . 0 0 0 0 c . o N 7 C . C C C 0 1 5 . 0 0 0 0 5 . C C C C C .O  N
450 0 . 5 0 C 0 L 0 . 0 N 5 . 0 0 0 0 2 . 5 0 0 0 L 3 0 . 0 0 0 0 0 . 0 N 1 5 . C C C C 1C .C C C C 5 . COCO C . C  N
337
S A M P L E  SB PPM SC PPM S N  P P M  SR PPM V PPM W PPM Y PPM ZN PPM ZR PP





























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































* 5 1  5. 0 0 0 0  1. 5 0 0 0  1. 5 0 C 0  C. 3 0 0 0  7 0 0 . C O C O  0. 2 5 0 0 L  0. C  N  0 . 0  N  0 . 0  N  1 5 0 . C C C 0
R O C K  S M P L  E L E M E N T S
S A M P L E  S B P P M  S C P P M  S N P P M  S R P P M V P P M W P P M Y P P M  Z N P P M  Z R P P M

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































R O C K  S M P L  E L E M E N T S
SAMPLE FE PCT MG PCT CA PCT TI PCT MN PPM AG PPM AS PPM AU PPM B FPM BA PPM
501 5.0000 1.50C0 7.00C0 0.5000 1 0 0 0 .ccoo 0.0 N 0.0 N 0.0 N 15.COCO 3CC.CC00
502 3.0000 3.000C 5.0000 0.5000 100C.0CCC 0.0 N C.O N 0.0 K 20.COCO 7CC.C0C0
503 3.0000 1.5000 3.COCO 0.5000 700.0CC0 1.5000 0.0 N C.O N 30.COCO 50C.CCC0
504 10.0000 3.0C00 3.COOO 0.7000 1000.0000 0.0 N 0.0 N 0.0 N 15.COCO 15C0.CCCC
505 10.0000 3.0000 2.0000 0.7000 150C.CCC0 0.0 N 0.0 N 0.0 N 30.COCO 5CC.CC00
506 7.0000 1.50CC 2.0000 0.3000 700.COCO l.CCOO 30CC.CCCO C.O N 15.COCO 5CC.0C00
507 10.0000 5.0CC0 l.CCOO 1.0000 1500.COOO 0.2500L O.C N 0.0 N 5.CCC0L 1CCC.CCCC
508 5.0000 2.0000 0.7000 0.3C00 15CC.CCCC l.CCOO C.O N C.O N 15C.CCC0 70C.CCC0
509 10.0000 3.CC0C 5.0000 0.7000 1500.0000 0.25001 0.0 N C.O N 5C.CCC0 1CCC.CC00
510 5.0000 1.5000 0.1500 0.3COO 700.COCO 1.0000 O.C N C.O N 7C.CCC0 3CC.CCC0
511 3.0000 0.150C 0.1500 0.C7C0 30C.C0CC 0.2500L C.C N C.O N 7C.CCC0 150.CCOO
512 5.0000 1.5000 0.3000 0.5CC0 700.0000 1.5000 0.0 N C.O N 7C.C0C0 7CC.CC0C
513 3.0000 1.0000 0.15C0 0.3CC0 500.0CCC 2.COOO 0.0 N 0.0 N 70.COOO 3CC.CCC0
514 5.0000 1.5000 0.2000 0.5000 700.COCO 0.0 N O.C N C.O N 15C.CCCC 150C.CCC0
515 15.0000 3.0000 7.0000 0.3000 3000.0000 0.2500L 0.0 N C.O N 5.CCC0L 15C.CCC0
516 3.CC00 0.7000 2.0000 C.1GC0 7CC.C0CC O.C N C.C N 0.0 N C.O N 15C.CC00
517 7.0000 0.1500 0.03C0L 0.2C00 500.0000 2.CCOO O.C N 0.0 N 10.COCO 15C.CC00
518 15.0000 3.0000 0.7000 0.7000 700.0000 0.2500L 0.0 N C.O N 5.CCC0L 15CC.CCC0
519 3.0000 0.1500 0.03C0L 0.0150 150.CC0C C.7C00 C.C N 0.0 N C.O N 1CC.CCCC
520 15.0000 1.5C00 l.COCO 0.5000 1000.COCO 2.0000 O.C N 0.0 N 1C.COCO ICCC.CCCC
521 1.5000 0.3000 0.03 COL C.0150 2C0.CCC0 0.0 N 0.0 N 0.0 N 700.COCO 1C.CCCCL
522 15.0000 3.0000 1.5000 0.5C0O 150C.CCC0 0.2500L C.O N 0.0 N 30.COCO 3CC.CC00
523 5.0000 0.7000 0.15C0 0.3000 1000.ooco 0.2500L 0.0 N C.O N 15.COCO 5CC.CCOO
524 3.0000 0.7000 15.0000 0.0700 5C0C.CC00G C.O N O.C N C.O N 5.C000L 150.CCOO
525 0.7000 0.2000 0.05 CO 0.0200 7C.0CC0 0.0 N C.C N 0.0 N 70.CCOO 15C.CCC0
526 3.0000 0.3000 0.07CO 0.0300 200.0000 0.7000 0.0 N C.O N 5C.CCC0 3CC.CCCC
527 2.0000 0.3000 0.7C00 0.3000 500.COCO C.2500L O.C N 0.0 15.COCO 7CC.CCCC
528 0.1500 0.0100L 0.5CC0 O.COIOL 150.OOCO 0.0 N 0.0 N 0.0 N IC.CCCO 1C.CCCCL
529 3.0000 0.1500 0.030CL 0.0500 15C.CCC0 1.5C00 C.C N 0.0 N 10.COOO 30C.CCCC
530 1.0000 0.0200 0.0300L C.02C0 150.COCO 0.0 N O.C N C.O N C.O N 1CC.CCC0
531 2.0000 0.1500 0.0300L 0.10C0 300.0000 5.0000 C.O N 0.0 N 5.C000L 3CC.CCC0
532 3.0000 C.300C 0.03C0L 0.1500 15C.CCCC C.2500L C.C N 0.0 N IC.CCCO 5CC.CCC0
533 5.0000 1.0000 0.0300L 0.2000 1500.COCO 0.5CC0 O.C N C.O N 3C.C0C0 15CC.CC00
534 3.0000 0.7C0C l.CCOO 0.2000 200.OOCO 0.0 N 0.0 N 0.0 N IC.CCCO ICCC.CCCC
535 0.3000 0.0200 C.03C0L 0.0300 100.CCCC C.7C00 O.C N 0.0 N 0.0 N IC.CCCCL
536 3.0000 0.1500 C.0300L 0.1C00 200.0000 3.0000 0.0 N 5.0C00L 5.CCC0L 3CC.CCCC
537 5.0000 1.0000 2.0C00 0.3CC0 1500.CCOC O.C N C.C N C.O N 5.C000L 7CC.CCCC
538 1.50CC 0.10C0 C.15C0 0.0500 15C.CCC0 0.2500L C.C N 0.0 N 15C.CCC0 15C.CCC0
539 3.COCO C.1500 0.07C0 0.0300 200.0000 0.2500L 100.CCC0L 0.0 N 5.CCC0L 2CC.CCCC
540 0.7000 0.0700 0.0500 C.C3CC 7C.CCCC O.C N C.C N C.O N C.O N 150.CCC0
541 0.7000 0.1000 0.1500 0.0500 150.0000 0.0 N O.C N C.O N C.O N 15C.0C00
542 2.0000 0.2000 0.03C0L C.C7C0 7C.C0C0 0.0 N 0.0 N 0.0 N C.C N 2CC.CCCC
543 5.0000 0.7000 0.2000 0.5CCO 1C0C.CCC0 0.2500L O.C N 0.0 N 3C.C000 15CC.CCC0
544 2.0000 C.1000 0.07C0 0.C300 300.CCCC C.O N lOO.OCOOL 0.0 N C.C N 15C.CC0C
545 3.0000 l.CCOO 0.1500 0.3C00 30C.CCCC 0.0 N O.C N 0.0 N 20.COCO 20CC.CCCC
546 3.COOC 0.7000 0.3000 0.3000 1500.OOCO 0.0 N 0.0 N C.O N 1C.COCO 70O.OCOO
547 0.7000 C.02CC 0.0700 0.0500 300.0000 0.0 N lOO.OCOOL 0.0 N C.O N 7C.CC00
548 2.0000 0.1000 0.03C0L 0.0500 200.0000 0.2500L lOO.OCOOL C.O N C.O N 150.CCOO
549 1.0000 0.3000 0.1000 0.15C0 7C.CCCC 0.25C0L 1C0.0CC0L C.O N 30C.C000 ICC.CCOO
550 0.5C00 0.070C 0.3000 0.0300 100.CCC0 0.0 N 0.0 N 0.0 N 5.CCC0L 150.CCOO
342
s m p l e b e  p p m B I PPM CC PPM CR PPM
501 1 .0 0 0 0 0 . 0 N 30.0000 150.0000
502 1 .0 0 0 0 c.o N 20.COCO 100.0000
503 1.00 00 0 . 0 N 15.COCO 70.0000
504 0.5000L c.o N 5C.00C0 150.0000
505 1 .0 0 0 0 c.o N 30.0000 150.0000
506 0.5000L 0 .0 N 30.COCO 20.0000
507 1 .0 0 0 0 0 .0 N 20.0000 150.COCO
508 1.C00C o.c N 15.COCO 10.0000
509 0.5C00L 0 .0 N 10.COCO 10.COCO
510 0.5000L 0 .0 N 10.CCC0 1 0 .coco
511 0.0 N 0 .0 N 7.0000 1 0 .coco
512 0.5000L 0 .0 N 2C.00C0 2.5CC0L
513 0.5000L 0 .0 N 10.0000 10.0000
514 0.5000L c.o N 30.0000 lO.OCOO
515 0.0 N 0 .0 N 30.0000 10.0000
516 0.0 N 0.0 N , 7.0000 2.5C00L
517 0.0 N 0 .0 N 15.COCO 10.0000
518 0.5000L 0 .0 N 15.0000 1C.COCO
519 0.0 N 0.0 N 10.0000 2.5C00L
520 0.5000L 0.0 N 7C.0CC0 1C.CC00
521 0.0 N 0 .0 N 2.50C0L 2.5CC0L
522 0.0 M 0 .0 N 20.0000 15.COCO
523 0.0 N 0 .0 N 20.0000 2.5000L
524 0.0 N c.o N 0.0 M lO.OCOO
525 0.0 N 0 .0 N 2.5C00L 2.5000L
526 0.0 N 0 .0 N 2.5C00L 2.5000L
527 1.5000 0 .0 N 2.5CC0L 2.5C00L
528 0.0 N o.c N 2.5C0CL 2.5C00L
529 0.5000L 0 .0 N 2.5000L lO.OCOO
530 0.0 N 0 .0 N 2.50C0L lO.OCOO
531 0.5000L 0 .0 N 15.0CC0 10.0000
532 1.00 00 o.c N 5.00C0 10.COCO
533 1.5000 c.o N 20.0000 lO.CCOO
534 0.5000L 0 .0 N 5.00C0 20.COCO
535 0.0 N 0.5000L 0.0 N 2.5C00L
536 0.5000L 10.0000 1C.0000 lO.OCOO
537 1.00 00 0 .0 N 1C.COCO 10.COCO
538 0.5000L 0 .0 N 5.0000 1C.0CC0
539 0.5000L 0 .0 N 10.COCO 10.0000
' 540 0.50GCL 0 .0 N 0.0 N 1 0.coco
541 0.5C00L 0 .0 N C.O N 10.0000
542 0.5C00L 0 .0 N C.O N 2.5000L
543 1.5000 0 .0 N 7.COCO 15.COOO
544 0.5000L 0 .0 N 5.COCO 10.0000
545 1.0 0 0 0 0 .0 N 0.0 N 15.CCOO
546 1.5000 0 .0 N 5.0000 10 .0000
547 0.0 N 0 .0 N C.O N 10.0000
548 0 .0  N 0 .0 N 2.5000L 10.0000
549 ' 0.0 N 0 .0 N 2.50C0L lO.COOO
550 0.0 N 0 .0 N 0.0 N 1C.0000
R O C K  S M P L  E L E M E N T S
CU PPM LA PPM MC PPM NB PPM N l PPM PB PPM
70.0000 10.00001 2.5CC0L 0.0 N 70.0000 lO.CCOO
5C.0CC0 10.CC00L O.C N 0.0 N 5C.C0C0 15.COCO
50.0000 0.0 N 2.5C00L C.O N 30.COCO 5.CCC0L
7C.CCC0 0.0 N 2.5C00L 0.0 N 7C.CCC0 5.CC00L
7C.CCCC C.O N 2.5C00L C.O N 70.0000 lO.COOO
200.COCO C.O N 7.COCO 0.0 N 30.COCO lO.OCOO
70.0000 lO.COOOL 50.COCO 15.CCOO 5C.CCCC 1C.CC0C
5C.0CC0 0.0 N 20.COCO 15.COCO 15.COCO C.O N
2.5CC01 0.0 N 7.CCC0 10.COCO C.O N 5.CCC0L
3O.CC0O 0.0 N 70.COCO 10.0000 5.0000 C.C N
50.COCO c.o N 15.CCCC 1C.CCC0 1C.COCO C.O N
50.0CCC 0.0 N 50.0000 10.0000 5.COCO C.C N
50.COCO o.c N 50.CCC0 1 0.coco 5.COCO C.C N
15C.00C0 0.0 N 2.5CCCL 1C.CCC0 15.COCO C.C N
50.0000 0.0 N 2.5CC0L 10.0000 2C.CCC0 2C.CCCC
15.CCCC 0.0 N 2.5CC0L 5.C0C0L 5.0000 0.0 N
70.0000 0.0 N 50.0CC0 15.COCO 5.COCO 0.0 N
200.0000 0.0 N 7.COCO 15.COCO 2.5CC0L C.C N
3C.CCC0 o.c N 30.CCC0 5.0000L lO.CCOO 0.0 N
300.0000 0.0 N 70.CC00 15.0000 5.COCO 5.CCCCL
20.COCO o.c N O.C N 5.0000L 5.0000 C.C N
100.0000 0.0 N 5.CCC0 15.COCO 15.00C0 15.0CC0
70.0000 0.0 N 15.0000 lO.CCOO 1C.CCC0 C.O N
2.50C0L 0.0 N 2.5CC0L 5.CCC0L C.O N 30.CC00
5.0000 0.0 N 2.5CC0L 5.CCCCL 5.CC00 C.C N
5C.CCCC 0.0 N 70.COCO 10.COCO 2.5C00L C.C N
3C.CCC0 0.0 N 7.CCC0 20.CCC0 5.COCO 0.0 N
C.O N 0.0 N 0.0 N 5.C000L 7.COCO C.C N
15.0CCC 0.0 N 15.CCC0 5.0000L 5.COCO C.O N
2.5CC0L 0.0 N 2.5CC0L 5.00C0L 7.C000 0.0 N
30.0000 0.0 N 7.0000 lO.CCOO 10.CCC0 5.CCC0L
30.COCO c.o N 7.CCC0 10.0CC0 15.COCO C.O N
70.0000 30.0000 lO.OCOO 15.COCO 1C.CCCC 5.CC0CL
5.CCC0 20.0000 0.0 N 0.0 N 2.5CCCL 5.CCCCL
15.CC00 0.0 N 2.5CC0L C.O N C.O N C.C N
70.0000 lO.COOOL 15.0000 10.COCO 15.COOO 5.CCC0L
2.5CCCL 30.0000 2.5CC0L 15.0000 lO.COOO 5.CCCCL
7.00CC c.o N 5.COCO 5.CCC0L lO.CCOO C.O N
100.0000 0.0 N 15.0000 10.0000 5.COCO C.C N
2.5CCCL c.c N 2.5CCOL 5.C0C0L C.C N 0.0 N
2.5CC0L c.o N 2.5000L 5.CCC0L 2.5000L C.O N
5.COCO 0.0 N 2.5C00L 10.COCO 2.5C00L C.O N
30.CC00 30.0000 7.CC CO 30.0000 5.COCO C.C N
20.0000 0.0 N 5•CC CO lO.CCOO 1C.COCO C.C N
5.COCO 1C.OOOOL 2.5C00L 15.0000 2.5000L C.O N
10.0000 IO.CCCOL 2.5CC0L 2C.CCCC 5.COCO 0.0 N
10.0000 0.0 N 2.5C00L 5.C0C0L 2.5CC0L C.C N
15.0000 0.0 N 2.5CC0L 10.0000 2.5C00L C.O N
20.0000 0.0 N 0.0 N 5.CCC0L 15.COCO C.C N






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































S A M P L E S B P P M  S C P P M  S N P P M  S R P P M V  P P M W P P M Y P P M  Z N P P M  Z R P P M
5 0 1  0 . 0  N  2 0 - 0 0 0 0  0 . 0  N  3 0 0. 0 0 0 0  2 0 0. 0 0 0 0  0 . 0  N  3 0. C C 0 0  1 0 0. 0 C C 0 L  1 C C. C C C 0
R U C K  S ^ P L  E L E M E N T S
sample FE PC T MG PC T C A PC T T 1 PC T MN PPM AG PPM AS P PH AU PPM B PPM BA PPM
551 1.0000 0.1CC0 0.0500 0.0500 70.0CC0 0.2500L 0.0 N 0.0 N C.C N 15C.CCC0
552 0.7000 0.3000 0.15C0 0.0700 70.0000 0.0 N 100.0C00L 0.0 N 0.0 N 1CC.0CC0
553 2.0000 1.0000 5.COCO 0.0700 1500.COCO 0.7C00 C.O N 0.0 N 2CC.COOO 15C.CCCC
554 5.00CC 1.5C0C 0.1000 0.3000 500.COCO 7.0000 10C.CCCCL 5.00C0L 10.COCO 3CC.CCC0
555 3.0000 2.CC00 0.7CC0 0.5000 300.0000 0.0 N 0.0 N 0.0 N 10.0000 30C.CCC0
556 5.0000 2.C000 0.1500 0.5C00 30C.CCCC C.2500L C.C N C.O N 50.COCO 700.CC00
557 3.0000 1.5000 1.0000 0.3000 300.0000 0.0 N 0.0 N 0.0 N 3C.C000 5CC.CC00
558 5.0000 0.7000 C.C7C0 0.5CC0 500.0000 15.0000 300.COCO 15.CC00 300. CCCC 5CC.CC0C
559 1.5000 0.1500 0.1500 0.10C0 50C.0CCC 0.0 N O.C N C.O N C.O N 2CC.CCC0
560 3.0000 0.7000 0.2000 0.3000 200.0000 0.7000 3000.COCO C.O N 3C.CC00 5CC.CCC0
561 7.0000 1.5000 C.3CC0 C.5000 300.COCO 0.0 N O.C N 0.0 N 30.COOO 7CC.CCC0
562 5.C000 1.0000 1.5C00 0.3CCO 3C0.C0C0 0.0 N C.C N C.O N 30.COCO 7C0.CCC0
563 1.5C00 0.0300 C.0300L 0.C3C0 150.0000 0.5000 0.0 N 0.0 N C.O N 15C.CCOON
564 0.3000 0.01001 0.0500L C.C010L 7C.CCCC C.O N C.C N 0.0 N C.O N 10.CC00L
565 3.0000 0.3000 0.7000 0.0700 300.0000 30.0000 0.0 N 15.0000 7C.CCC0 15C.CCCC
566 7.0000 1.5000 7.00C0 C.2C00 1500.0000 C.O N 0.0 N 0.0 N 15C.C0C0 3CC.CC00
567 3.0000 1.0000 1.5000 C.3CC0 700.CCCC 0.25001 O.C N 0.0 N 5.COCOL 1CCC.CC00
568 3.0000 1.5000 1.5000 0.3000 700.0000 0.0 N O.C N C.O N C.O N 3CC.CCCC
569 0.7000 3.0000 0.0700 C.CC7C 150.00CC C.O N 0.0 N 0.0 N 0.0 N 7C.CC0C
570 7.COCO 1-5000 1.5000 0.5000 1500.COCO 0.2500L C.C N 0.0 N 3C.C0C0 1500.CCOO
571 7.0CC0 1.5000 2.0CC0 C.3000 700.0000 0.0 N 0.0 N 0.0 N C.O N 3CC.CCC0
572 3.0000 1.5000 3.0000 0.3CCO 700.COCO 0.0 N C.C N C.O N C.O N 70.COCO
573 10.0000 3.0000 7.0000 0.7C00 1500.COCO C.C N C.O N 0.0 N 5.C0C0L 2CC.COOO
574 10.0000 2.0000 7.0000 0.2000 3000.0000 0.0 N 0.0 N C.O N 30.COCO 3CC.CCCC
575 10.0000 2.0000 3.0000 C.3000 2000.COCO C.O N O.C N 0.0 N 5.C0C0L 3CC.CCC0
576 3.00C0 1.0000 1.5000 0.3000 500.0000 0.2500L 0.0 N C.O N C.O N 3C0.CC00
577 5.0000 1.5000 3.COCO C.3000 1500.CCCC 0.0 N 0.0 N C.O N 15.COCO 7C0.CCCC
578 3.000C 0.7000 0.7000 0.15C0 500.CCCC C.O N C.C N 0.0 N C.O N 2CC.CC00
579 3.0000 0.7C00 0.7000 0.3000 2000.CCCC C.O N 0.0 N 0.0 N 5.C000L 5C0.CC00
580 1.5000 0.3000 3.00C0 0.1500 1000.COCO 0.7000 O.C N 0.0 N 5.00001. 3CC.CC00
581 3.COCO 0.7C00 1.5CC0 0.3000 7CC.OOCO C.O N C.C N 0.0 A C.C N 15C.CCC0
582 7.0000 1.5C0C 1.5000 C•5000 1000.OOCO 0.0 N 0.0 N C.O N C.O N 3CO.CCOO
583 7.0000 1.0000 5.00CC 0.3000 1500.CCCC 1.0000 0.0 N 0.0 N 15.CCCC 7CC.CC0C
584 0.5000 0.0300 1« 5000 0.1000 300.0000 C.C N C.C N 0.0 N 30.COOO 150.CCOO
585 3.0000 0.7000 1.5C00 0.3000 500.OOCO 0.0 N 0.0 N C.O N 5.CCC0L 3CC.CCCC
586 0.5000 0.0700 0.7CC0 0.03C0 150.COCO 0.0 N O.C N 0 . 0 N C.O N 15C.CCC0
587 5.COCO 1.5000 2.0000 0.5000 1500.COCO C.2500L O.C N 0 . 0 N C.O N 3C0.CCC0
588 3.COOO 0.7000 2.0000 0.2000 700.COCO 0.0 N 0 . 0 N C.O N C.O N 5CC.CCCC
589 0.70C0 0.1500 5.C000 C.C500 70C.CCCC 3.CCOO C.C N 0 . 0 N 5.C0C0L 200.0000
590 3.COCO 0.3000 5.0000 0.1500 1000.COCO 1.5CC0 C.C N C.O N 5.CCC0L 300.COCO
591 1.5000 0.5C0C 0.7000 0.3000 300.0000 0.2500L O.C N 0 . 0 N 5C.CCC0 3CC.CCC0
592 2.COCO C.3000 5.0000 C.1500 1000.CCCC 0.5C00 C.C N C.O N 5.CCCCL 300.CCOO
593 L.5000 0.3000 5.0000 0.1C00 1000.0000 0.0 N 0 . 0 N 0 . 0 N 5.C0C0L 300.COCO
594 3.0000 0.7000 v 2.0000 0.3000 500.OOCO 1.5000 0 . 0 N 0 . 0 N 15.COCO 7CC.CCCC
595 2.0000 0.5000 5.COCO 0.1500 1COO.OCCO 0 . 7 0 0 0 O.C N 0 . 0 N 5C.CC00 3CO.COOO
596 3.0000 1 . 0 0 0 0 1.5C00 0.2000 700.0000 0.0 N 0 . 0 N 0 . 0 N C.C N 3CC.CCC0
597 3.0000 0.7000 1 . 0 0 0 0 C.3CC0 300.COCO 0.2500L 0 . 0 N 0 . 0 N 0.0 N 3CC.CCCC
598 3.00C0 0.7000 l.5000 0.2CCC 50C.CCCC 0.0 N O.C N C . O N 5.C0C0L 200.CCOO
599 3.0000 0 . 7 0 0 0 1.5CC0 0.3000 500.0000 0.0 N 0 . 0 N C.O N C.O N 3CC.CCCC
600 2.0000 0.7000 15.CCOO 0.0300 3000.0000 0.0 N 0 . 0 N 0 . 0 N C.O N 2CC.CCC0
345
SAMPlfc BE PPM B I PPM CC PPM CR PPM
551 0 . 5 0 0 0 L 0 . 0 N 5 . 0 0 0 0 2 . 5 0 0 0 1
552 0 . 0  M 0 . 0 N 2 . 5 0 0 0 1 1 0 . 0 0 0 0
553 0 . 0  \ 0 . 0 N 5 . 0 C C 0 1 5 . 0 0 0 0
554 0 . 5 0 0 0 L 0 . 0 N i c . o o c o 7 0 . 0 C C 0
555 0 . 0  N 0 . 0 N 1 5 . 0 0 0 0 7 0 . COCO
556 0 . 5 0 0 0 L 0 . 0 N 1 5 . COCO 7 0 . 0 0 0 0
557 0 . 5 0 0 0 L 0 . 0 N 0 . 0  N 3 0 . COCO
558 0 . 5 0 0 0 L O . C N 1 5 . 0 0 0 0 7 0 . C C 0 0
559 0 . 5 0 0 0 L O .C N 5 . C C 0 0 1 0 . 0 0 0 0
560 0 . 5 0 0 0 1 0 . 0 N 1 0 . 0 0 0 0 1 5 . COCO
561 0 . 0  N 0 . 0 N 1 5 . 0 0 0 0 7 0 . COCO
562 0 . 5 0 0 0 L 0 . 0 N 1 0 . COCO 5 0 . 0 0 0 0
563 0 . 0  N 0 . 0 N 0 . 0  N IC .OO CO
564 0 . 0  N 0 . 0 N 0 . 0  N 1 0 . COCO
565 0 . 0  N 0 . 0 N 1 5 . 0 0 0 0 1 0 . c o c o
566 0 . 0  N C • 0 N 1 5 . COCO 1 C . C C C 0
567 0 . 5 C 0 0 L 0 . 0 N 7 . 0 0 0 0 1 5 . 0 0 0 0
568 0 . 0  >1 0 . 0 N 1 0 . 0 0 0 0 7 0 . COCO
569 0 . 0  N 0 . 0 N 2 . 5 C 0 0 1 2 . 5 0 0 0 1
570 0 . 5 0 0 0 1 0 . 0 N 2 0 . COCO 7 0 . C C 0 0
571 0 . 0  N 0 . 0 M 1 5 . 0 C C 0 2 . 5 0 0 C 1
572 0 . 0  N 0 . 0 N 1 5 . 0 C C 0 1 5 0 . 0 0 0 0
573 0 . 0  N 0 . 0 N 3 0 . 0 0 0 0 1 5 C . C C C 0
574 0 . 5 0 0 0 1 0 . 0 N 2 0 . 0 0 0 0 1 5 . COCO
575 0 . 5 0 0 0 1 0 . 0 N 2 0 . 0 0 0 0 1 5 . 0 0 0 0
576 0 . 5 0 0 0 1 0 . 0 N 7 . 0 0 0 0 2 . 5 0 0 0 1
577 1 . 0 0 0 0 c . o N 7 . COCO 1 0 . 0 0 0 0
578 0.0 N 0 . 0 N 1 0 . 0 0 0 0 2 . 5 C 0 0 1
579 0 . 5 0 0 0 1 0 . 0 N 2 . 5 0 0 0 1 2 . 5 C 0 0 1
580 0 . 5 0 0 0 1 0 . 0 N 2 . 5 0 0 0 1 1 0 . 0 0 0 0
581 0 . 0  N 0 . 0 M IC .O OC O 2 . 5 C 0 0 1
582 0 . 5 0 0 0 1 0 . 0 N 1 5 . 0 0 0 0 2 . 5 C 0 0 1
583 0 . 5 0 0 0 1 0 . 0 N 7 . 0 0 0 0 2 . 5 C 0 0 1
584 0.0 N 0 . 0 N 0 . 0  N 1 0 . COCO
585 0 . 5 0 0 0 1 0 . 0 N 7 . 0 0 C O 2 . 5 C 0 0 1
586 0 . 0  M 0 . 0 N C . O  N 2 . 5 0 0 0 1
587 1 . 0 0 0 0 0 . 0 N 1 5 . 0 0 0 0 1 5 . COCO
588 l . C O O O 0 . 0 N 5 . 0 0 0 0 2 . 5 0 C 0 1
589 0 . 5 0 0 0 1 0 . 0 N 2 . 5 0 0 0 1 2 . 5 C C 0 1
590 0 . 50CC1 0 . 0 N 5 . 0 0 0 0 2 . 50CC1
591 1 . 5 C 0 0 0 . 0 N C .O  N 1 0 . 0 0 0 0
592 1 . 0 0 0 0 0 . 0 N 5 . 0 0 0 0 2 . 5 C 0 C 1
593 1 . 0 0 0 0 0 . 0 N 7 . 0 0 0 0 2 . 5 C C 0 1
594 1 . 5 0 0 0 0 . 0 N 1 0 . 0 0 0 0 2 . 5 C 0 0 1
595 1 . 5 0 0 0 c . o N 5 . 0 0 0 0 1 0 . COCO
596 1 . 5 C 0 0 0 . 0 N 5 . C 0 0 0 2 . 5 0 0 0 1
597 l . C O O O O . C N 5 . 0 0 0 0 2 . 5 0 0 0 1
598 . 0 . 5 0 0 0 1 0 . 0 N 2 . 5 0 0 0 1 2 . 5 C C C 1
599 1 . 0 0 0 0 0 . 0 N 2 . 5 C 0 0 1 2 . 5 C 0 0 1
600 O .C  N O . C N 0 . 0  N 2 . 50CC1
R O C K  S M P L  E L E M E N T S
CU PPM 1A PPM
7 . COCO 0 . 0  N
2 . 5 C C 0 1 C .O  N
1 5 . 0 0 0 0 1 0 . 0 0 0 0 1
7 C . C C C C 0 . 0  N
3 0 . COCO C . O  N
3 0 . 0 0 0 0 0 . 0  N
1 0 . COCO 1 0 . C C 0 0 1
2 0 C . 0 0 C 0 C .O  N
2 . 5 0 0 0 1 0 . 0  N
5 C . C C C C C . O  N
5 0 . COCO 0 . 0  N
1 5 . COCO 2 0 . 0 0 0 0
3 0 . COCO C . O  N
1 5 . 0 0 0 0 0 . 0  N
7 0 . COCO 0 . 0  N
2 0 . COCO C .O  N
7 0 . 0 0 0 0 0 . 0  N
5 . COCO C . C  N
2 . 5 C C 0 1 0 . 0  N
7 0 . 0 0 0 0 0 . 0  N
5 . COCO 0 . 0  N
3 0 . 0 0 0 0 0 . 0  N
5 C . 0 C C 0 0 . 0  N
3 0 . COCO O .C  N
1 5 . COCO 1 0 . 0 0 0 0 1
2 . 5 C C C 1 C .O  N
1 5 . 0 C C 0 0 . 0  N
5 0 . 0 0 0 0 0 . 0  N
1 5 . C C C 0 0 . 0  N
1 5 . 0 0 0 0 0 . 0  N
7 . COCO 0 . 0  N
2 . 5 0 0 0 1 0 . 0  N
1 5 . 0 0 0 0 0 . 0  N
0 . 0  N C .O  N
2 . 5 C C 0 1 2 0 . 0 0 0 0
0 . 0  N 0 . 0  N
1 5 . 0 C C 0 1 0 . C C 0 0 1
1 0 . 0 0 0 0 2 . 5 0 0 0 1
2 0 . COCO C .O  N
3 0 . C C C C C . C  N
2 . 5 0 0 0 1 2 . 5 0 0 0 1
1 5 . COCO 0 . 0  N
5 . COCO 0 . 0  N
1 5 . 0 0 0 0 2 0 . 0 0 0 0
5 . 0 C C 0 0 . 0  N
1 C . COCO 2 0 . 0 0 0 0
7 . 0 0 0 0 1 0 . 0 0 0 0 1
2 . 5 C C C 1 l O . C O C O l
0 . 0  N 2 0 . COCO
O . C  N O .C  N
MC PPM NB PPM
2 . 5 C 0 0 1 5 . 0 0 0 0 1
C .O  N 5 . 0 C C 0 1
2 . 5 C 0 0 1 5 . C C C 0 1
7 0 . 0 0 0 0 1 0 . 0 0 0 0
2 . 5 C C 0 1 1 0 . 0 0 0 0
0 . 0  N 1 0 . C C 0 0
2 . 5 C C 0 1 5 . C 0 0 0 1
2 . 5 C C C 1 IC . C C C O
1 0 . COCO 1 5 . C C C C
2 . 5 C C 0 1 I C . C C C O
2 . 5 C 0 0 1 1 5 . COCO
0 . 0  N 0 . 0  N
2 . 5 C C C 1 1 C . 0 0 0 0
O .C  N 5 . 0 0 C 0 1
7 . C C C 0 1 0 . COCO
2 . 5 C C 0 1 I C . C C C O
5 . COCO 1 0 . 0 0 0 0
2 . 5 C C 0 1 IC .OO CO
C . C  N 5 . C 0 C 0 1
1 5 . C C 0 0 1 0 . 0 0 0 0
2 . 5 C C 0 1 1 5 . COCO
7 . 0 0 0 0 1 0 . COCO
2 . 5 C C 0 1 I C . C C C O
1 C .C 0 C C 1 5 . C C C 0
2 0 . COCO 1 5 . COCO
2 . 5 C C 0 1 1 0 . 0 0 0 0
2 . 5 C C 0 1 1 5 . 0 0 0 0
7 . 0 C C 0 5 . C C C 0 1
2 . 5 C C 0 1 1 0 . COCO
1 5 O . OC C0 10.coco
2 . 5 C C 0 1 1 0 . 0 0 0 0
2 . 5 C C C 1 I C . C C C O
2 0 0 . COCO 1 0 . COCO
O .C  N 1 0 . 0 0 0 0
2 . 5 C C 0 1 1 5 . C C C 0
0 . 0  N 5 . C C C C 1
1 5 . C C C 0 1 5 . 0 0 0 0
O . C  N l O . CO OO
3 0 0 . COCO 5 . C 0 C 0 1
3 C C . C C C C I C . C C C O
2 . 5 C C 0 1 1 0 . C C C 0
2 . 5 C C 0 1 1 0 . 0 C C 0
O .C  N 1 0 . COCO
2 0 0 . COCO 1 5 . COCO
1 5 . 0 0 0 0 1 5 . COCO
2 . 5 C C 0 1 2 0 . C C C 0
2 . 5 C 0 0 1 1 5 . 0 0 0 0
O .C  N 1 5 . COCO
O .C  N 1 5 . C C C 0
O .C  N 5 . 0 C C C 1
N X PPM P 8 PPM
7 • COCO C .O  N
15 .C COO C . O  N
2 0 . COCO 5 C . C C 0 0
3 0 . COCO 1 5 C C . C C C C
3 0 . 0 0 0 0 0 . 0  N
5 0 . C C C O 5 . C C 0 0 1
lO .O OC O C . C  N
3 0 . C C C 0 1 5 C C . C C C C
5 . C C C 0 C . C  N
1 0 . COCO 0 . 0  N
3 0 . C C C 0 C .O  N
1 5 . COCO l C . C C C C
2 . 5 0 0 0 1 C . C  N
2 . 5 C C C 1 C . C  N
1 0 . COCO 5 . COCC I
5 . C C C 0 1 5 . C C C 0
5 . COCO 5 . C C 0 C 1
3 0 . C C C 0 5 . 0 0 0 0 1
5 . C C C 0 C .O  N
3 0 . COCO 5 . C C C C 1
5 . COCO 5 . C C C C 1
3 0 . 0 0 0 0 C . O  N
7 C . CO C O 5 . C C C 0 1
2 . 5 C C 0 1 5 . C C 0 0 1
5 .C C C C I C . C C C O
2 . 5 0 0 0 1 1 C . C C 0 0
2 . 5 C C 0 1 1 5 . C C 0 0
5 . C C C 0 C . C  N
2 . 5 0 C 0 1 5 . C C C 0 1
5 . COCO C . C  N
2 . 5 C C 0 1 I C . C C C O
2 . 5 C C 0 1 1 5 . C C C C
5 . COCO 5 . C C C C 1
7 . CC 00 C . C  N
7 . COCO 1 C . C C 0 C
7 . C C C 0 C . C  N
IC . C O C C 1 5 . C C C C
7 . COCO 5 . C C C C 1
5 . COCO C . C  N
5 . COCO 5 . C C C 0 1
2 . 5 C C 0 1 1 5 . C C C 0
5 . COCO 2 C . C C C C
7 . COCO C .O  N
5 . C 0 0 0 3 C . 0 C 0 0
5 . C C C 0 5 . C C C C 1
2 . 5 C C 0 1 IC . C C O O
5 . COCO C . C  N
2 . 5 C 0 0 1 C . C  N
5 . C C Q 0 5 . C C C 0 1
O .C  N 3 0 . C C C O
346
R O C K  S M P L  E L E M E N T S
SAMPLE SR P P M SC PPM SN PPM SR PPM V PPM w PPM Y PPM ZN PPM ZR PPM
551 0.0 C.O N C.O N 0.0 N 3C.0CCC C.O N C.C N C.O N 3C.CCC0
552 0 . 0 0.0 .N 0 . 0 N 0.0 N 20.OCCO C.O N 5.CCCCL C.O N 5.CCCCL
553 0 . 0 N IO.CCOO 0 . 0 N 700.0000 7C.C000 0 . 0 N 2C.CCCC 1CC.00C0L 30.COCO
554 0 . 0 ' i 15.CCOO C.C N 0.0 L 200.0000 0 . 0 N lO.CCCO 7CC.CCC0 7C.CCC0
555 0 . 0 M 20.0000 C.O N 3C0.CC00 15C.00C0 0 . 0 N 15.CCC0 0 . 0 N 70.OCCO
556 0 . 0 N 2 C.COCO C.O N 20O.CC00 300.OCCO 0 . 0 N 15.CCC0 lOO.CCCOL ICO.COCO
557 0 . 0 Al 15.CC00 C.O N 700.CCOO 15C.OOOO 0 . 0 N 15.CCC0 lOC.OCCOl ICC.COCO
558 0 . 0 N 20.0000 C.O N 10C.CCC0 20C.CCCC C.O N 15.CCC0 700.0C00 ICO.CCOO
559 0 . 0 N O.C N C.O N C.O N 3C.CCCC o.c N 5.CCCCL C.O N 7C.CCC0
560 0 . 0 •N 10.0CC0 C.O .\ 2C0.CCC0 100.0000 0 . 0 N lO.CCCO 0 . 0 N 7C.CCC0
561 0 . 0 N 2C.0000 0 . 0 N 3CO.CCCO 15C.CCCC 0 . 0 N 15.CCOO 1 0 0 . 0 0 0 0 1 1CC.COOO
562 0 . 0 N 15.C000 0 . 0 N 7C0.CCC0 15C.CCCC C.O N 15.CCC0 C.O N 70.CCOO
563 0 . 0 N 0.0 N C.O N C.O N 15.COCO 0 . 0 N O.C N C.O N C.O L
564 0 . 0 N C.O N 0 . 0 N O.C N 15.OCCO 0 . 0 N 0.0 N C.O N C.O L
565 0 . 0 N 0.0 N C.O N 50.CCC0L 3C.CCCC C.O N 5.CCC0L C.O N 70.COCO
566 0 . 0 N 5.0000 0 . 0 N 30C.CCO0 70.0000 0 . 0 N lO.CCCO 10C.00CCL 5C.CCC0
567 0 . 0 N 15.CCC0 C.O N 3CO.CCOO 15C.CCCC 0 . 0 N 15.OCCO 0 . 0 N 7C.CCCC
568 0 . 0 N 15.CC0C 0 . 0 N 15C.CCC0 15C.CCCC C.O N 15.CCC0 0 . 0 N 70.COCO
569 0 . 0 •N C.O N C.O N 0.0 N 20.CCC0 0 . 0 N 0.0 N C.O N 5.C0C0L
570 0 . 0 •M 20.0000 C.O N 150.0000 3CC.CCCC C.O N 20.CCOO 0 . 0 N 70.COCO
571 0 . 0 N 15.0000 0 . 0 N 30C.CCCC 20C.0CCC 0 . 0 N 15.CCOO lOO.CCCOL 5C.CCC0
572 0 . 0 N 20.0000 0 . 0 N L50.CCC0 300.CCCC C.O N 15.OCCO 1CC.CCC0L 7C.CCC0
573 0 . 0 N 30.0000 0 . 0 N 30C.CCOO 300.COCO 0 . 0 N 20.CCOO lOO.CCCOL 70.CCCC
574 0 . 0 N 10.0000 0 . 0 N 30C.C0C0 150.0CCC C.O N 15.CCOO 100.00C0L 5.00C0L
575 0 . 0 N 15.C000 0 . 0 N 3O0.CC00 150.C0CC C.O N 2C.CCC0 1CC.CCCCL 50.COCO
576 0 . 0 •N lO.COOO 0.0 N 3C0.CCOO 100.0000 0 . 0 N 15.COCO 100.0CC0L 5.CCCCL
577 0 . 0 N 15.C000 0 . 0 N 3CG.CCC0 20C.CCCC 0 . 0 N 20.CCOO 1C0.CCC0L 7C.COOO
578 0 . 0 N 2.50001 0 . 0 N 5C.CCC0N 7C.CCC0 0 . 0 N lO.CCCO C.O N 5.C0CCL
579 0 . 0 a 7.0CCO C.O N 300.CCOO 70.0000 0 . 0 N 15.COCO C.O N 1C.CCCC
580 0 . 0 N 2.5000L 0 . 0 N 30C.0CCC 30.C0CC C.O N lO.CCCO 0 . 0 N 5.00C0L
581 0 . 0 N 7.0000 O.C N 30C.CC00 10C.C0CC 0 . 0 N 15.COCO lOO.CCCOL 7C.CCC0
582 0 . 0 .N lO.COOO C.O N 500.CCC0 15C.0C00 0 . 0 N 20.CCC0 lOO.CCCOL 3C.CCC0
583 0 . 0 N 7.0000 C.O N 3CC.CCC0 15C.CCC0 0 . 0 N 15.CCOO 0 . 0 N 70.COCO
584 o.c M 0.0 N 0 . 0 N 50.0COOL 15.CCCC C.O N C.C N C.O N 5.CCC0L
585 0 . 0 Vi 7.CC00 0 . 0 N 300.0000 70.0000 0 . 0 N 15.CCOO 0 . 0 N ICC.COOO
586 0 . 0 N 0.0 N 0 . 0 N 0.0 N 15.COCO C.O N O.C N 0 . 0 N 5.CCCCL
587 0 . 0 15.C000 0.0 N 5CC.CCOO 15C.0CC0 C.O N 15.CCC0 100.00C0L 5.CCC0L
588 0 . 0 N 7.C000 0 . 0 N 700. OCCO 100.CCC0 0 . 0 N 15.COCO lOC.OCCOL 7C.C0C0
589 0 . 0 N 0.0 N C.O N 30C.CC0C 30.CCC0 0 . 0 N 0.0 N C.O N 50.CCCC
590 0 . 0 N 5.0000 C.O N 3CC.CCCC 7C.CCCC C.C N lO.CCCO 0 . 0 N 70.COCO
591 0 . 0 N 5.CC00 C.O N 150.CCOO 7C.CCCC C.O N 1C.CCCC C.O N ICC.CCCC
592 0 . 0 N 2.5C00L C.O N 50C.CCC0 30.COCO C.O N 5.CCC0L 0 . 0 N 1 C . C C C C
593 0 . 0 >1 2.5C00L o . c N 300.0000 3C.OOCO C.O N 10.CCCC 0 . 0 N 70.0000
594 0 . 0 N 7.CCC0 C.O N 300.CCOO lOO.OOCO 0 . 0 N 15.CCCC C.O N 15C.CCC0
595 0 . 0 l\ 2.5CC0L C.O N 300.CCOO 50.OCCO 0 . 0 N 15.COCO C.O N ICC.COCO
596 0 . 0 N 7.0C00 C.O N 700.CCOO 7C.CCC0 C.O N 15.OCCO 0 . 0 N 15C.C000
597 0 . 0 N 5.00C0 0 . 0 N 300.0000 7C.C0C0 0 . 0 N 15.OCCO C.O N ICC.COOO
598 0 . 0 N 5.0C0C C.O N 300.0000 5C.CCC0 0 . 0 N lO.CCCO 0 . 0 N 2CC.CCC0
599 0 . 0 N 7.0000 0 . 0 N 500.COCO 7C.CC0C 0 . 0 N 15.COCO 0 . 0 N IOC.COOO
600 0 . 0 N 5.COCO C.O N 1000.0000 30.OCCO O.C N 20.CCCC 0 . 0 N 2C.CCC0 347
ROCK S K P L  E L E M E N T S
SAMPLE FE PCT MG PCT CA PCT T I PCT MN P P K AG PPM AS PPM AU PPM B PPM BA PPM
601 3.0000 0.500C 7.0000 0.1500 2000.COCO 0.0 N 0.0 N 0.0 K 0.0 N 3CC.CC00
602 3.0000 0.3000 3.COCO 0.1500 700.OOCO 0.5000 0.0 N 0.0 N C.C N 2CC.CCCC
603 1.5000 0.1500 10.0000 0.0300 3000.OCCC C.7000 0.0 N 0.0 N C.O N 7C.CCCC
604 3.C000 0.7000 1.5000 C .0300 5C00.CCCCG 0.0 N 0.0 N 0.0 N C.O N 700.0000
605 20.00G0G 0.07C0 1.5C00 0.0C10L 5C00.CCCCG 0.2500N 700.0000 0.0 N 30.COCO 7CC.CCCC
606 5.0000 0.7C00 7.O0C0 0.1500 1000.OCCC 1.5000 C.C N C.O N 0.0 N 5CC.COCO
607 15.0000 3.0000 2.COCO 0.7000 ICOC.CCOO 0.25C0L C.C N 0.0 N 2C.COCO 15CC.CCC0
608 1.5000 0.0700 0.7000 0.0200 100C.CCCC 15.COCO 1C0.CCC0L 0.0 N C.O N 1C.CC00L
609 0.30CU 0.0200 0.0300L 0.C010L 30.OCCC C.O N 1CC.CCC0L C.O N c.o r< 3C.CCCC
610 5.0C00 0.2000 0.1500 C.5000 100.0000 1.5C00 2C0.CCC0 20.COCO 5.CCC0L 3CC.CCCC
611 5.0000 1.5000 2.CC00 C.5000 1500.OCCC 0.25001 0.0 N 0.0 N 5.C0C0L 15CC.CCC0
612 7.0000 1.5000 1.5000 0.7000 1000.0000 0.2500L C.C N C.O N 15.C000 7CC.CC00
613 10.0000 1.5000 1. 5000 0.5000 100.0000 0.0 N 0.0 N 0.0 N IC.CCCO 3CC.CCCC
614 15.0000 3.0000 3.0000 0.7000 1C0C.00CC 0.0 N C.O N 0.0 N 20.0000 2CC.CCC0
615 15.0000 3.0000 3.0000 0.7000 300.COCO 0.5C00 o.c N C.O N 7C.CCC0 1CCC.CCC0
616 10.0000 1.5000 1.5000 0.7000 IOC.coco 0.25C0L 0.0 N C.O N 2C.C0C0 30C.CCCC
617 20.0000 3.0000 2.0000 0.70CC 200.OCCC 0.25COL o.c N 0.0 K 2C.C0C0 5CC.CCC0
618 10.0000 5.0000 7.0000 0.7000 7C0.CCCC C.O N 0.0 N C.O N 15.CCC0 7CO.CCOO
619 15.0000 7.0000 7.COCO l.COOO 700.OOCO 0.2500L 0.0 N 0.0 N 2C.CCC0 7CC.CCCC
620 7.COCO 5.0000 7.0000 0.5000 500.COCO C.O N C.C N C.O N 1C.COCO 7CC.CC00
621 5.0000 1.0000 l.COOO 0.5000 2000.0000 0.7000 0.0 N 0.0 N 2 C.COCO 7CC.CCC0
622 10.0000 2.0000 5.0000 C.5000 1000.coco C.2500L 0.0 N 0.0 N 30.CCC0 3CCC.CCCC
623 10.0000 3.0000 1.5000 C.5C00 70C.CCC0 C.7CC0 C.O N C.O N 20.CCC0 1CCC.CCC0
624 7.0000 3.0000 3.0000 0.7000 700.0000 0.0 N o.c N C.O N 30.COCO 7CC.CC00
625 3.0000 0.7000 1.5C00 0.3000 700.COCO 0.0 N 0.0 N C.O N 10.COCO 1CCC.CCC0
626 3.0000 0.7000 1.5000 0.3CC0 5CC.CCCC 0.0 N C.O N C.O \ IC.CCCO ICCC.CCCC
627 5.0000 l.5000 1.0000 0.3000 500.0000 0.0 N 0.0 N 0.0 N 1C.COCO 7CC.CCC0
628 15.0000 3.0000 1.5000 C.7000 ICCC.CCCC C.7000 0.0 N 0.0 N 20.0000 7CC.CC00
629 7.0000 1.0000 l.COOO 0.5C00 1500.OCCC 0.7CC0 C.C N C.O N 15.OOCO 15CC.CC00
630 10.0000 1.5000 C•5000 0.3000 2000.0000 0.5000 0.0 N 0.0 N 2C.C0C0 2CCC.CC00
631 7.0000 3.0000 5.0C00 0.7CC0 ICOC.CCOO 0.0 N C.O N 0.0 N 50.COOO 7CC.0C00
632 10.0000 3.0000 1.5CC0 0.7000 700.0000 0.2500L 2C0.CC00 0.0 N 20.COCO 7CC.CCC0
633 15.0000 3.0000 1.5CC0 C.7CC0 50C.CCC0 0.2500L lOO.CCOOL 0.0 N 2C.000C 5CC.CCC0
634 10.0000 2.0000 l.5000 C.7000 30C.CCCC C.O N C.C N C.O N 2C.CCC0 3C0.CCC0
635 0.7000 0.0700 0.0700 0.0300 1500.0000 0.0 N lOO.CCOOL 0.0 N C.O N 1CC.CCC0
636 10.0000 3.0000 3.0000 0.7000 70.OCCC 0.2500L 0.0 N 0.0 N 50.0000 7CC.0C00
637 15.00CC 5.0000 5.C000 1.0000 1000.OCCO 0.25C0L o.c N C.O N 30.COCO 1000.CCOO
638 3.0000 1.0000 1.5C00 0.3000 50C.CCC0 0.0 N 0.0 N C.O N 10.CCC0 5CC.CCC0
639 5.0000 1.0000 1.5000 C.3CC0 50C.CCCC 0.0 N o.c N 0.0 N 15.0000 5CC.CCC0
640 3.0000 l.COOO 1.5000 0.3000 300.COCO C.C . N C.C N 0.0 N IC.CCCO 5CC.COOO
641 15.0000 5.0000 2.0CC0 0.7000 500.0000 0.2500L 0.0 N C.O N 2C.CCCC 3CC.CCCC
642 10.0000 7.0000 7.0000 l.CCCO 70C.CCCC C.25C0L o.c N 0.0 N 20.OOCO 7CC.CCC0
643 10.CC00 5.0000 5.0CC0 0.7000 500.OCCO 0.2500L o.c N C.O N 2C.CCC0 7CC.CCC0
644 10.0000 5.C000 5.0000 0.7000 700.COCO 0.0 N 0.0 N C.O N 3C.C0C0 7CC.CCC0
645 10.0000 3.0000 3.0000 0.7000 70C.C0CC 20.OCCO o.c N 50.0000 2C.COOO 7CC.0C00
646 15.0000 5.0000 5.0000 1.0000 1000.COCO 0.2500L C.C N C.O S 30.COCO 15C0.CCC0
647 20.0000 3.0C00 3.OCCO 0.7000 1000.0000 0.0 N 0.0 N C.O N 2C.CCC0 15CC.CCC0
648 2.0000 0.5CC0 C.3000 0.3000 100.0000 1.5000 lOO.CCOOL 0.0 N 2 C.COCO 3C0.CCC0
649 15.0000 2.000C 1.5000 0.7CC0 500.OCCC 0.2500L 0.0 N 0.0 N 15.CCCC 3CC.CCCC
650 3.COCO 1.0000 1.5000 C.3CC0 150.OCCO 0.0 N C.C N 0.0 N 1C.OCCO 5CC.CCC0
R O C K  S f ' P L  E L E M E N T S
SAMPLE B E  P P M B I PPM C O  P P M C R  P P M C U  P P M L A  P P M M C  P P M N B  P P M N 1 P P M P 8  P P M
6 0 1 0 . 5 0 C 0 L 0.0 N 3 0 . 0 C C 0 2 . 5 0 C 0 L 7 0 . O C C O I C . C O O O L 1 5 . O C C O 10. C C 0 0 1 C . C 0 0 0 5 . C C C C L
6 0 2 0 . 5 0 0 0 L C . C N 2 0 . C O C O 2 . 5 0 0 0 L 3 0 . 0 0 0 0 C . O  N 7 C . C C C C 1 5 . C C C O 1 5 . C C C O C . O  N
6 0 3 0 . 0  N O . C N 2 . 5 C O O L 2 . 5 C 0 0 L 5 . 0 0 0 0 0 . 0  N 7 0 . 0 C 0 0 5 . 0 C C 0 L 5 . C C C O C . C  N
6 0 4 1 . 5 0 0 0 0.0 N 20.0000 2 . 5 C C 0 L 7 . O C C O 0 . 0  N 1 5 0 . 0 C 0 0 10.0000 1 5 . 0 0 0 0 C . C  N
6 0 5 5 . 0 0 0 0 C . O N C . O  N 1 0 . C O C O 0 . 0  N 3 0 . 0 0 0 0 3 0 0 . O C C O 10.0000 3 0 . 0 0 0 0 5 . C C C 0 L
6 0 6 1 . 5 0 0 0 c . o N 5 . 0 0 0 0 2 . 5 0 0 0 L 5 . O C C O 20.0000 2 0 0 . C C C O 1 0 . C C C O 2 . 5 C C 0 L C . C  N
6 0 7 1 . 5 0 0 0 O . C N 3 0 . 0 0 0 0 1 5 C . O C O O 1 5 C . C C C C C . O  N 2 . 5 C C 0 L 1 0 . O C C O 5 C . 0 0 C C 2 C . C C C 0
6 0 8 0 . 0  N 10.0000 1 5 . C C O O 2 . 5 C U 0 L 3 C . C C C 0 0 . 0  N 2 . 5 C C C L 5 . C C C 0 L 3 0 . C O C O 1 5 C C . C C 0 0
6 0 9 0.0 9 0.0 N 1 0 . 0 C C 0 7 . C O C O 1 5 . C C C 0 I C . C O O O L 0 . 0  N 5 . 0 O C 0 L C . C  N 2 C . C C C C
6 1 0 0 . 5 0 C C L C . O N 10.0000 1 C . C C 0 0 1 0 0 . C C C 0 0 . 0  N 2 . 5 C C 0 L 1 5 . C C C O 2 . 5 C 0 0 L 3 0 . C C C O
6 1 1 0 . 5 C 0 0 L C . O N 1 5 . 0 0 C 0 5 . C O C O 1 5 . 0 0 0 0 3 0 . 0 0 0 0 0 . 0  N 1 0 . C C C O 2 . 5 C C 0 L 2 0 . C C C O
6 1 2 0 . 0  L 0.0 N 20.0000 1 0 . C O C O 3 0 . 0 0 0 0 20.0000 0 . 0  N 10.0000 5 . C 0 0 0 5 . C C 0 0 L
6 1 3 0 . 5 0 0 0 1 0.0 N 1 0 . C O C O 1 0 0 . C O C O 7 0 . C O C O 0 . 0  N 1 5 . C C C O 10.0000 1 0 . C O C O 0 . 0  N
6 1 4 1.0000 c . o M 3 0 . 0 C C 0 1 5 0 . 0 0 0 0 200.0000 0 . 0  N 2 . 5 C C 0 L 1 0 . C C C O 3 0 . C C C O 5 . C C C C L
6 1 5 0 . 5 0 0 0 L c . o N 2 . 5 C 0 0 L 1 5 0 . C C 0 0 3 0 C . C 0 C C 1 0 . C C 0 0 L 2 0 . C C C O 1 0 . c o c o I C . C C C O l C . C C C C
6 1 6 l . C O O O 0.0 N 2 . 5 0 0 0 L 7 0 . C C 0 O 1 5 0 . 0 C C C 1 0 . C C C 0 L 7 0 . C C C O I C . C C C O 2 0 . C O C O C . C  N
6 1 7 0 . 5 0 0 0 1 0.0 N 3 0 . 0 0 C 0 1 5 0 . 0 C C C 1 0 0 . C C C 0 1 0 . C 0 0 0 L 5 0 . C O C O 10.0000 3 0 . C O C O 5 . C C 0 C L
6 1 8 0 . 5 0 0 0 L 0.0 N 2 . 5 0 C C L 1 5 C . 0 C 0 C I C C . O C C O I C . C O O O L 7 . C C C O 1 0 . C C C O 3 0 . C C C O 5 . C C O O L
6 1 9 0.0 .N 0.0 N 7 . C 0 0 0 3 0 0 . 0 0 0 0 7 0 . 0 0 0 0 1 0 . 0 0 0 0 L 1 0 . C C C O 5 . C C C 0 L 5 C . C C C C 5 . C C C 0 L
6 2 0 0 . 5 0 0 0 L 0.0 N 7 . 0 0 0 0 1 5 0 . O C C O 7 C . C C C 0 2 C . 0 C 0 0 2 . 5 C 0 0 L 5 . C C C 0 L 3 C . C C C C 5 . C C C C L
6 2 1 1.0000 0.0 N 5 C . 0 0 0 0 1 5 . C 0 0 0 1 5 0 . O C C O 3 0 . C C 0 0 0 . 0  N 3 0 . C C C O I C . C C C O 2 C . C C C C
6 2 2 1. C O C O c . o N 1C . 0 C C 0 1 0 . C C 0 0 1 5 C . 0 C 0 0 20.0000 2 . 5 C 0 0 L 1 5 . C C 0 0 2 . 5 C C C L 1 5 . C C C O
6 2 3 0 . 5 0 0 0 L 0.0 N 1 5 . 0 0 0 0 I C O . C O C O 1 5 0 0 . C C C O 20.0000 5 . C C 0 0 10.0000 2 0 . C O O O 1 5 . O C C O
6 2 4 0 . 5 0 0 0 L 0.0 N 7 . 0 0 0 0 1 5 C . C 0 0 0 1 5 C . C C C C 20. C C 0 0 5 . C C C O I C . C C C O 2 0 . C C 0 0 5 . C 0 0 0 L
6 2 5 0 . 5 0 0 0 L 0.0 N 7 . C C C C O . C  N 2 0 . C C C O 20.0000 0 . 0  N 1 0 . O C C O 2 . 5 C C 0 L C . C  N
6 2 6 0 . 5 0 0 0 L 0.0 M 5 . 0 0 C 0 1 C . C 0 C C 3 C . C C C 0 2 0 . C C 0 O O . C  N 5 . C C 0 0 L 2 . 5 C C 0 L 5 . C C 0 0 L
6 2 7 0.0 W 0.0 N 7 . C O C O 5 0 . 0 0 0 0 7 0 . C C C C 2 0 . C C 0 0 0 . 0  N 0 . 0  N 5 . C O C O 1 C . C C 0 0
6 2 8 0 . 5 0 0 0 L 0.0 N 3 0 . 0 C C C 7 0 . C O C O 3 0 0 . C C C O 0 . 0  N 2 . 5 C 0 0 L 1 0 . C O C O 3 0 . C O C O 1 5 . C C C O
6 2 9 1 . 5 0 0 0 0.0 N 20.0000 2 0 . C O C O I C C . C O C O 3 0 . 0 0 0 0 O . C  N 2 0 . C C C O 2 0 . C C C O 2 0 . C C C O
6 3 0 l • 5 0 0 0 0.0 N 3 0 . 0 0 0 0 10.0000 1 5 0 . 0 0 0 0 3 0 . 0 0 0 0 0 . 0  N 5 . 0 0 C 0 L 7 . C C C O 2 C . C C C 0
6 3 1 l . C O O O 0.0 N 3 0 . 0 C C O 7 0 . C O C O 7 C . C C C 0 0 . 0  N 2 . 5 C 0 0 L 10.0000 5 C . C C C 0 1 5 . C C C C
6 3 2 1 . 5 0 0 0 O . C N 20.0000 7 0 . C C 0 O 1 5 C . 0 C C C 1 C . C C C 0 L 2 . 5 C C C L 10.0000 3 0 . 0 0  C O 2 0 . C C C O
6 3 3 0 . 0  L c . o N 3 0 . C O C O 1 5 C . 0 0 0 0 1 5 0 . 0 C 0 0 0 . 0  N 2 . 5 C C 0 L 10.0000 7 C . 0 0 C 0 5 . C C C C L
6 3 4 0 . 5 0 0 0 L 0.0 N 2 C . O O C O 1 5 0 . 0 0 0 0 1 0 0 . O C C O C . O  N 2 . 5 C C 0 L 10.0000 5 0 . C O C O C . C  N
6 3 5 0 . 0  N c . o N 2 . 5 0 0 0 L 2 . 5 0 0 0 L 7 . C C C O C . O  N C . C  N 5 . C C C 0 L I C . C C C O C . O  N
6 3 6 l . C O O O 0.0 N 3 0 . 0 0 0 0 1 5 0 . 0 0 0 0 7 0 . 0 0 0 0 0 . 0  N 2 . 5 C O O L 1 0 . O C C O 7 0 . C O C O 2 C . C C C C
6 3 7 0 . 0  N c . o N 10.0000 2 O O . C C 0 O 2 0 0 . C O C O 20. C 0 0 0 7 . C C C O 5 . C C C C L 7 0 . C C C O 5 . 0 C C 0 L
6 3 8 0.0 N C.C N 10.0000 7 C . C C C 0 5 C . O O C O 1 0 . 0 0 0 0 L 0 . 0  N C . O  N 2 C . C C 0 0 C . C  N
6 3 9 0 . 5 0 C 0 L 0.0 N 1 5 . 0 0 0 0 1 0 0 . C O C O I O C . C C C O 20. C C 0 0 0 . 0  N 0 . 0  N 3 0 . C O C O C . C  N
6 4 0 C . 5 0 0 0 L 0.0 N 1 C . 0 0 0 0 1 0 C . C C C 0 2 C . C C C C 2 C . C C 0 0 C . C  N 5 . C C C C L 2 C . C C C 0 C . C  N
6 4 1 1.0000 0.0 N 2 0 . 0 0 C O 1 5 0 . 0 0 0 0 1 5 0 . 0 0 0 0 0 . 0  N 1 5 . C C C O 1 0 . O C C O 5 0 . C C C O C . C  N
6 4 2 0 . 5 0 0 0 L 0.0 M 1 C . 0 0 0 0 3 0 0 . C 0 0 0 2 0 0 . C O C O 1 0 . C C 0 0 L 1 5 . C C C O 5 . C 0 0 0 L 3 0 . C O C O 5 . C C C C L
6 4 3 0 . 0  N O ' .O N 7 . 0 0 0 0 200.0000 1 5 0 . O C C O 1 0 . C C 0 0 L 1 5 . C C C O 5 . C C C C L 3 0 . C C C O 5 . C C C 0 L
6 4 4 0 . 5 C C 0 L c . o N I C . C C C O 1 5 C . C O O O 1 5 0 . 0 0 0 0 20.0000 5 . C O C O 10.0000 3 0 . C C C O l C . C C C C
6 4 5 0 . 5 C 0 0 L O . C N 1 5 . 0 0 0 0 1 5 0 . O C C O 2 0 C . 0 C C C 20. C C 0 O 2 . 5 C C 0 L 5 . C C C 0 L 3 0 . C O C O 5 . C C 0 0 L
6 4 6 0 . 5 C 0 0 L O . C N 1 5 . 0 0 C 0 3 0 0 . 0 0 0 0 200.0000 20.0000 2 . 5 C 0 0 L 5 . C C 0 0 L 7 0 . C C C O 5 . C C 0 0 L
6 4 7 1 . 5 0 0 0 0.0 N 5 C . 0 0 C 0 1 5 0 . 0 0 0 0 1 5 C . C C C C 0 . 0  N 5 . 0 C 0 O 10.0000 7 0 . C C C O 5 . C O C O L
6 4 8 0 . 5 0 0 0 L 0.0 N 10.0000 2 . 5 C 0 C L 3 C C . 0 C C C 0 . 0  N O . C  N 5 . C 0 C 0 L 3 C . C 0 C 0 C . O  N
6 4 9 0 . 5 0 0 0 L 0.0 N 2 C . O O O O 1 0 0 . O C C O 1 5 0 . 0 0 0 0 0 . 0  N 7 0 . C C 0 0 1 0 . C C C O 3 0 . C O C O 5 . C C C C L
6 5 0 0.0 N 0.0 N 5 . 0 0 0 0 I C C . C O C O 5 0 . C C C C 2 0 . C C C O 1 5 . C C C O 0 . 0  N 1 0 . O C C O C . O  N
.iiijiwHgjji
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M P L E S 8 P P M S C   P P M S N P P M S R  P P M
6 0 1 O . C 2 . 5 0 0 0 L 0. 0 N 3 0 0 . 0 0 0 0
6 0 2 0. 0 N 2 . 5 0 0 0 L C . O N 2 0 0 . 0 0 0 0
6 0 3 0. 0 N 0 . 0  N C . O N 7 0 0 . 0 0 0 0
6 0 4 0. 0 N 0 . 0   N C . O N 3 0 0 . 0 0 0 0
6 0 5 0. 0 M 5 . 0 0 0 0 0. 0 N 3 C 0 . C C 0 0
6 0 6 0. 0 N 5 . 0 0 0 0 0. 0 N 3 0 0 . 0 0 0 0
6 0 7 0. 0 N 3 0 . 0 0 0 0 0. 0 N 1 5 0 . 0 0 0 0
6 0 8 0. 0 N 0 . 0   N C . O N I O C . C O C O
6 0 9 0. 0 N 2 . 5 0 0 0 L 0. 0 N 5 C . O C O O L
6 1 0 0. 0 N 7 . 0 0 0 0 0. 0 N 1 0 0 . C O C O
6 1 1 0. 0 N 1 0 . 0 0 0 0 0. 0 N 7 C C . C C C 0
6 1 2 0. 0 N 1 0 . 0 0 0 0 0. 0 N 3 0 0 . C O C O
6 1 3   . 0. 0 N 1 5 . 0 0 0 0 0. 0 N 2 0 0 . 0 0 0 0
6 1 4 0. 0 N 3 0 . 0 0 0 0 0. 0 N 1 5 0 . 0 0 0 0
6 1 5 0. 0 N 3 0 . 0 0 0 0 0. 0 N 3 C C . C 0 0 0
6 1 6 0. 0 N 1 5 . 0 0 0 0 0. 0 N 2 0 0 . 0 0 0 0
6 1 7 0. 0 N 2 0 . 0 0 0 0 C . O N 2 0 0 . 0 0 0 0
6 1 8 0. 0 N 3 0 . 0 0 0 0 0. 0 N 3 0 0 . 0 0 0 0
6 1 9 0. 0 N 7 0 . 0 0 0 0 0. 0 N 5 0 0 . 0 0 0 0
6 2 0 0. 0 N 3 0 . 0 0 0 0 0 . 0 N 5 C 0 . C C 0 0
6 2 1 0 . 0 N 2 0 . 0 0 0 0 0. 0 N 1 0 0 0 . o o c o
6 2 2 0. 0 N 1 5 . 0 0 0 0 0. 0 N 7 0 0 . 0 0 0 0
6 2 3 0. 0 N 3 0 . 0 0 0 0 C . O N 7 0 0 . 0 0 0 0
6 2 4 0. 0 N 3 0 . 0 0 0 0 C . O N 7 C 0 . C 0 0 0
6 2 5 0. 0 N 1 0 . 0 0 0 0 C . O N 7 0 0 . 0 0 0 0
6 2 6 0. 0 N 1 0 . 0 0 0 0 C . O ■ N 5 0 0 . C O C O
6 2 7 0. 0 • N 2 0 . 0 0 0 0 0. 0 N 3 0 0 . 0 C C 0
6 2 8 0. 0 N 3 0 . 0 0 0 0 0. 0 N 3 0 0 . 0 0 0 0
6 2 9 0. 0 N 2 0 . 0 0 0 0 0. 0 N 7 0 0 . 0 0 0 0
6 3 0 0. 0 N 2 0 . 0 0 0 0 0. 0 N 3 0 0 . 0 0 0 0
6 3 1 0. 0 N 2 0 . 0 0 0 0 0. 0 N 3 0 0 . 0 0 0 0
6 3 2 0. 0 N 1 5 . 0 0 0 0 C . O N 3 0 0 . 0 0 0 0
6 3 3 0. 0 N 2 0 . 0 0 0 0 C . O N 2 0 0 . O C O O
6 3 4 0. 0 N 1 5 . 0 0 0 0 0. 0 N 3 0 C . C 0 0 0
6 3 5 0. 0 i O . C   N C . O N 5 C . 0 0 0 0 L
6 3 6 0. 0 N 2 0 . 0 0 0 0 0. 0 N 3 0 0 . 0 0 0 0
6 3 7 0. 0 N 3 0 . 0 0 0 0 C . O N 2 0 C . C C 0 0
6 3 8 0. 0 N 2 0 . 0 0 0 0 0. 0 N 2 0 0 . 0 0 0 0
6 3 9 0. 0 N 2 0 . 0 0 0 0 0. 0 N 2 0 0 . 0 0 0 0
6 4 0 0. 0 N 2 0 . 0 0 0 0 0. 0 N 2 0 C . C C 0 0
6 4 1 C . u N 3 0 . 0 0 0 0 C . O N 2 0 C . C 0 0 0
6 4 2 0. 0 a 5 0 . C O C O 0. 0 N 7 0 0 . 0 0 0 0
6 4 3 0. 0 N 5 0 . 0 0 0 0 0. 0 N 5 0 0 . C O C O
6 4 4 O . C N 3 0 . 0 0 0 0 0. 0 N 5 0 0 . 0 0 0 0
6 4 5 0. 0 a 3 0 . 0 0 0 0 0. 0 N 3 0 0 . C 0 0 0
6 4 6 0. 0 N 5 0 . 0 0 0 0 C . O N 2 0 0 . C C 0 0
6 4 7 0. 0 N 3 0 . 0 0 0 0 C . O N 3 0 0 . C 0 0 0
6 4 8 0. 0 M 5 . 0 0 0 0 0. 0 N 1 5 0 . O O C O
6 4 9 0. 0 M 2 0 . C C C C 0. 0 N 3 0 0 . 0 0 0 0
6 5 0 0. 0 rl 2 0 . 0 0 0 0 0. 0 N 2 0 0 . 0 0 0 0
O C K   S M P L   E L E M E N T S
V P P M Vi P P M
5 0 . O C O O 0 . 0 N
3 0 . C O C O 0 . 0 N
2 0 . C C 0 C 0 . 0 N
3 0 . 0 0 0 0 0 . 0 N
3 0 . C O C O 0 . 0 N
7 0 . O C O O 0 . 0 N
3 0 0 . 0 0 0 0 0 . 0 N
1 5 . C C C C 0 . 0 N
1 0 . C O C O 2 5 . C 0 C 0 L
7 0 . 0 0 0 0 0 . 0 N
1 5 C . C C C C 0 . 0 N
1 5 0 . C O C O 0 . 0 N
1 5 0 . 0 0 0 0 0 . 0 N
3 0 0 . O C O O 0 . 0 N
2 C 0 . C C C C C . O N
2 0 0 . C O C O 0 . 0 N
2 0 C . C C C C 0 . 0 N
2 0 0 . C O C O C . O N
5 0 0 . C O C O C . O N
2 0 0 . O O C O 0 . 0 N
2 0 C . C C C C 0 . 0 N
2 0 0 . C O C O 0 . 0 N
2 0 0 . O C O O 0 . 0 N
2 0 0 . 0 C C C 0 . 0 N
1 5 0 . 0 0 0 0 0 . 0 N
1 5 0 . O C O O 0 . 0 N
2 0 0 . C O C O C . O N
3 0 0 . C O C O 0 . 0 N
1 5 0 . C O C O 0 . 0 N
1 5 C . 0 C C C 0 . 0 N
3 0 0 . C O C O 0 . 0 N
2 0 0 . 0 0 0 0 0 . 0 N
2 0 0 . C O C O 0 . 0 N
2 0 C . C C C C C . O N
1 5 . O O C O 0 . 0 N
3 0 0 . C O C O 0 . 0 N
5 0 0 . O C O O 0 . 0 N
2 0 0 . C O C O 0 . 0 N
2 0 0 . 0 0 0 0 0 . 0 N
1 5 C . C C C C O . C N
3 0 0 . O C O O C . O N
3 0 0 . O C O O 0 . 0 N
3 O C . 0 C C O C . O N
2 C 0 . C 0 C 0 0 . 0 N
2 0 0 . O C O O 0 . 0 N
3 0 0 . C O C O C . O N
3 0 C . C C C C 0 . 0 N
1 5 0 . O O C O 0 . 0 N
3 0 C . C C C C 0 . 0 N
1 5 0 . O C O O 0 . 0 N
Y  P P M Z N P P M
1 5 . C O C O 0 . 0 N
5 . C C C 0 L C . O N
1 C . C O C O C . O N
3 0 . 0 0 0 0 C . O N
2 0 0 . C O C O 1 0 0 . 0 0 C 0 L
1 0 . C O C O 0 . 0 N
2 0 . 0 0 0 0 1 0 0 . 0 0 C 0 L
5 . C C C 0 L 0 . 0 N
5 . C O C C I c . c M
l O . O C C O 0 . 0 N
1 5 . C O C O 1 0 0 . 0 C C 0 L
1 5 . C O C O 2 0 0 . C O C O
1 0 . C O C O 0 . 0 N
2 0 . O C O O 0 . 0 N
1 5 . C O C O 0 . 0 N
1 5 . 0 0 0 0 0 . 0 N
1 0 . O C O O 0 . 0 N
1 5 . C O C O 0 . 0 N
3 0 . C O C O C . O N
3 0 . C O C O C . O N
3 0 . O C O O 0 . 0 N
2 0 . C O C O 0 . 0 N
3 0 . 0 0 0 0 l O C . O C C O L
3 0 . C O C O 1 0 0 . 0 0 0 0 1
1 5 . C O C O C . O N
2 0 . O C O O 0 . 0 N
2 0 . C O C O C . O S
1 5 . C O C O C . O N
3 0 . O C O O C . O N
2 0 . O C O O 0 . 0 N
2 0 . C O C O C . O N
1 5 . O O C O C . O N
2 0 . C O C O 0 . 0 N
1 5 . C C C C C . O N
1 0 . C O C O 0 . 0 N
2 0 . 0 0 0 0 0 . 0 N
3 0 . C O C O C . O N
2 0 . C O C O C . O N
2 0 . O C O O 0 . 0 N
2 0 . O C O O 0 . 0 N
1 5 . C C C C C . O N
3 0 . C O C O C . O N
2 0 . C O C O 0 . 0 N
2 0 . C O C O C . O N
3 0 . C O C O 0 . 0 N
3 0 . O C O O 0 . 0 N
2 0 . C O C O C . O N
1 0 . C O C O C . O N
1 5 . C O C O 0 . 0 N
1 5 . 0 0 0 0 C . O N
Z R  P P M  
3 C . C 0 C 0  
1 0 0 . C O C O 
1 0 . C O C O 
5 . C C C 0 L  
5 . C 0 0 0 L
7 0 . 0 0 0 0  
7 0 . C O C O
5 . C C C 0 L  
C . O   N 
7 0 . C O C O
1 5 0 . 0 0 0 0  
I C C . C O C O
7 0 . C O C O
7 0 . 0 0 0 0
2 0 0 . 0 0 0 0  
I C C . C O C O  
I C C . C O C O  
2 0 C . C C C 0  
3 0 0 . C O C O 
I C C . c o c o
1 5 0 . 0 0 0 0  
3 0 C . C O O O  
I C C . C O C O
1 0 0 . 0 0 0 0  
1 5 C . C C C 0  
I S C . C O C O
1 0 0 . 0 0 0 0
7 C . C C C 0  
I S C . C O C O  
I C O . C O C O  
I C C . C O C O  
I C C . c o c o  
1 C C . C C C C  
7 C . C C C 0  
5 . C O C O !  
7 0 . C O C O 
3 C 0 . C C C 0
I O C . c o c o  
I C C . c o c o  
I S C . c o c o  
7 C . C C C 0  
I C C . c o c o  
1 S C . 0 0 0 0  
I C C . C O C O  
I S C . C O C O
3 0 0 . 0 0 0 0
1 0 0 . 0 0 0 0  
7 C . C 0 0 0  
7 C . C C C 0  
5 0 . C O C O 3
5
0
S A M P L E F E  P C
6 5 1 1 5 . 0 0 0 0
6 5 2 3 . 0 0 0 0
6 5 3 7 . 0 0 0 0
6 5 4 3 . 0 0 0 0
6 5 5 1 5 . 0 0 0 0
6 5 6 1 5 . 0 0 0 0
6 5 7 7 . 0 0 0 0
6 5 8 1 5 . 0 0 0 0
6 5 9 1 0 . 0 0 0 0
6 6 0 5 . 0 0 0 0
6 6 1 5 . 0 0 0 0
6 6 2 3 . 0 0 0 0
6 6 3 1 5 . 0 0 0 0
6 6 4 7 . 0 0 0 0
6 6 5 2 0 . 0 0 0 0
6 6 6 2 0 . 0 0 0 0
6 6 7 2 0 . 0 0 0 0
6 6 8 2 0 . 0 0 0 0
6 6 9 1 0 . 0 0 0 0
6 7 0 5 . 0 0 0 0
6 7 1 3 . C 0 0 0
6 7 2 5 . 0 0 0 0
6 7 3 5 . 0 0 0 0
6 7 4 2 . 0 0 0 0
6 7 5 3 . 0 0 0 0
MG PC T CA PC T
5 . 0 0 0 0 7 . 0 0 0 0
0 . 7 0 0 0 1 5 . 0 0 0 0
5 . 0 0 0 0 7 . 0 0 0 0
5 . 0 0 0 0 1 0 . 0 0 0 0
5 . C 0 0 0 I C . C O C O
3 . 0 0 0 0 7 . 0 0 C 0
3 . 0 0 0 0 7 . 0 0 0 0
5 . C O O C 1 5 . 0 C 0 0
2 . 0 0 0 0 1 . 5 0 C 0
0 . 5 0 0 0 1 0 . C O C O
0 . 5 0 0 0 2 . C O C O
0 . 7 0 0 0 0 . 5 0 0 0
0 . 5 C 0 0 0 . 7 0 0 0
0 . 7 0 0 0 l . O C O O
0 . 5 0 0 0 0 . 7 0 0 0
0 . 7 0 0 0 0 . 7 0 0 0
0 . 7 0 0 0 1 . 5 C 0 0
0 . 7 0 0 0 1 . 0 0 0 0
l . O C O O 2 . 0 0 0 0
1 . 5 0 0 0 3 . 0 0 0 0
1 . 5 0 0 0 5 . 0 C C 0
l . O C O O 2 . C O C O
1 . 5 0 0 0 3 . C O O O
0 . 5 0 0 0 0 . 7 0 0 0
1 . 5 0 0 0 2 . 0 0 0 0
R O C K  S M P L  E L E M E N T S
T I  P C T M N  P P M A G  P P M A S  P P M A U PPM B PPM BA PPM
l . C O G O 7 0 0 . 0 0 0 0 0 . 2 5 0 0 L 0 . 0  N C . O N 1 5 . C O C O 1 5 C C . C C O O
0 . 1 5 0 0 1 5 0 0 . C O C O O . C  N C . C  N C . O N 7 0 . C O C O 1 C C . C C O O
0 . 5 0 0 0 1 0 0 0 . C O C O 0 . 0  N 0 . 0  N 0 . 0 N 3 0 . C O C O 1 C C C . C C C 0
0 . 2 0 0 0 1 5 0 0 . C O O O 0 . 0  N C . C  N 0 . 0 K 5 0 . C O C O 1 5 C . C C 0 0
0 . 7 0 0 0 1 5 0 0 . 0 0 0 0 0 . 2 5 0 0 L 0 . 0  N 0 . 0 N 3 0 . C O C O 3 C C . C C 0 C
C . 7 C 0 0 1 5 0 0 . C O C O 0 . 0  N O . C  N 0 . 0 N 7 C . C 0 0 0 3 C 0 . C C 0 C
0 . 5 0 0 0 1 0 0 0 . o c c o 0 . 0  N 0 . 0  N C . O N I C . C O C O 1 5 0 0 . C O O O
C . 7 0 0 0 2 0 0 0 . 0 0 0 0 0 . 2 5 0 0 L 0 . 0  N C . O N 7 C . C C C 0 2 C C . C C C C
0 . 7 C C 0 1 5 C . C 0 0 C 0 . 2 5 0 0 L I C O . C C C O L 0 . 0 N I C . C O C O 7 C C . C C C C
0 . 3 0 0 0 1 5 0 0 . C O C O 2 . C C C O 7 C C . C C C 0 C . O N 2 0 . C C C O 3 C 0 . C C C 0
C . 5 0 0 0 1 0 0 0 . C O C O 0 . 0  N 1 0 0 0 . O C C O 0 . 0 N 3 0 . C O C O 1 0 C C . C C C C
0 . 3 0 0 0 3 0 0 . C O C O 3 . C C 0 0 1 0 C . C C C 0 L C . O N 1 5 . C O C O 7 C C . C C 0 0
0 . 7 0 0 0 1 0 0 0 . 0 0 0 0 2 0 . 0 0 0 0 7 0 0 0 . O C C O 5 0 . 0 0 C 0 2 0 . C O C O 7 C C . C C C 0
0 . 7 0 0 0 1 0 0 0 . c o c o 0 . 7 0 0 0 3 0 0 0 . C O O O 0 . 0 N 3 0 . C C C O 1 5 C C . C C C C
0 . 7 0 0 0 1 5 0 0 . O C C O 1 5 . C O O O I C O C C . C C C C G 3 0 . C C C O 2 0 . C O O O 7 C C . C C 0 0
0 . 7 0 0 0 1 5 0 0 . C O C O 3 0 . 0 0 0 0 1 C 0 0 0 . C C C 0 G 5 0 . O C C O 3 0 . C O C O l O C C . C C O O
C . 5 0 0 0 5 0 0 0 . O O C C 3 0 . C C C O 1 C C 0 0 . 0 C C 0 G 3 0 . 0 0 0 0 5 0 . C C C O 1 5 C C . C C C C
0 . 5 0 0 0 3 0 0 0 . C C C O 1 5 . C C 0 0 1 C C C 0 . C C C C G 1 0 . O C C O 1 5 . C O C O 7 C C . C C C 0
0 . 5 0 0 0 1 5 0 0 . 0 0 0 0 2 . C O O O 7 0 0 . 0 0 0 0 0 . 0 N 2 0 . C C C O 7 C C . C C C C
C . 5 C C 0 1 C 0 C . C C C C 0 . 2 5 0 0 L 2 C 0 . C C C 0 0 . 0 N 5 C . C 0 C 0 3 C C . C C C C
0 • 3 0 0 0 1 0 0 0 . C O O O 0 . 0  N I C O . C C C O L C . O N 3 0 . C C C O 3 C C . C C C 0
0 . 5 0 0 0 5 0 0 . C O O O 1 . 0 0 0 0 3 0 0 . 0 0 0 0 0 . 0 N 5 C . C C C C 3 C C . C C C C
0 . 5 0 0 0 1 0 0 0 . 0 0 0 0 0 . 2 5 0 0 L l O O . C C O O L 0 . 0 N 7 0 . C C C O 3 C C . C C C 0
C .  1 5 0 0 1 5 0 . C C C O C . O  N l O O . O C O O L C . O N 3 C . C 0 C C 1 5 C . C C 0 0
0 . 5 C C O 7 0 0 . C C C C C . O  N I C O . C C C O L O . C N 7 0 . C O C O 7 0 0 . C C C O
351
ROCK S V P L  E L E M E N T S
S A M P L E e e  p p v 0 1 PPM CO PPM C R  PPM C U  PPM LA PPM P C  PPM NB PPM M  PPM P B  PPM
6 5 1 O . C  N 0 . 0 N 1 0 . 0 0 0 0 5 0 0 . 0 0 0 0 2 0 C . C C C C 1 0 . 0 0 C 0 L 1 5 . C O C O 5 . C C C 0 L 5 0 . C O C O 5 . C 0 0 0 L
6 5 2 0 . 0 o.c N 1 0 . 0 0 0 0 1 5 . 0 0 0 0 3 0 . 0 C C 0 0 . 0  N 0 . 0  N 5 . 0 0 C 0 L 3 0 . C O C O C . O  N
6 5 3 0 . 5 0 0 0 L c.c N 2 0 . 0 C C 0 1 0 0 . 0 0 0 0 7 0 . 0 0 0 0 0 . 0  N 2 . 5 C C 0 L 1 0 . 0 0 0 0 5 C . C C C 0 5 . C C C C L
6 5 4 0 . 0  W 0 . 0 N 1 0 . 0 0 0 0 7 0 . 0 0 0 0 I O C . C O C O 0 . 0  N 0 . 0  N 5 . 0 0 0 0 L 3 0 . C O C O C . O  N
6 5 5 0 . 0  .9 0 . 0 N 1 5 . 0 0 0 0 1 5 0 . 0 0 0 0 1 5 0 . 0 0 0 0 1 0 . 0 0 0 0 L 2 . 5 0 C 0 L 5 . 0 0 0 0 L 7 0 . 0 0 0 0 1 0 . 0 0 0 0
6 5 6 1 . 0 0 0 0 c.c N 5 0 . 0 0 0 0 1 5 0 . 0 C C 0 I O C . C O C O 0 . 0  N 2 . 5 C 0 0 L 5 . 0 C 0 0 L 7 0 . C O C O I C . C C C O
6 5 7 0 . 5 0 C 0 L c.c N 1 5 . C O C O 1 0 C . C C 0 C 1 5 C . 0 C C C 2 C . C C 0 0 2 . 5 C C 0 L 5 . 0 0 C 0 L 5 0 . C O C O 3 0 . 0 0 0 0
6 5 8 0 . 0  N 0 . 0 N 1 5 . C O C O 1 5 0 . C C 0 0 1 5 0 . C O C O 1 0 . C C 0 0 L 2 . 5 C C 0 L 5 . C 0 C 0 L 5 C . C C C 0 1 C . C C 0 0
6 5 9 0 . 5 0 0 0 L 0 . 0 N 1 0 . 0 0 0 0 1 5 C . C C C 0 1 5 C . C C C C C . O  N 1 5 . C O C O 1 0 . 0 0 0 0 1 5 . C O C O 5 . C C C C L
6 6 0 0 . 0  N 0 . 0 N 3 0 . 0 0 0 0 5 0 . 0 0 0 0 7 0 . C O C O 0 . 0  N 2 . 5 C C C L I C . C C C O 3 0 . C O C O 2 C 0 . C C 0 0
6 6 1 1 . 5 0 0 0 0 . 0 N 5 . 0 0 0 0 2 . 5 0 0 0 L 3 0 . 0 0 0 0 l O . O O O O L 0 . 0  N 1 0 . C O C O 1 5 . C C C C I C . C C C O
6 6 2 0 . 5 0 0 0 1 0 . 0 N 5 . C O C O 2 . 5 C C 0 L 5 C . C O C O C . O  N O . C  N 5 . C 0 0 0 L 1 0 . C O C O 2 C C . C C C 0
6 6 3 1 . 0 0 0 0 2 0 . C C 0 O 5 C . O C O O 1 0 . 0 0 0 0 1 0 0 . 0 0 0 0 l O . O O O O L 2 . 5 0 C 0 L 1 0 . C O C O 3 0 . C O C O 1 5 0 0 . O C O O
6 6 4 1 . 5 0 0 0 0 . 0 N 1 0 . 0 0 0 0 2 . 5 C C 0 L 5 0 . C O C O l O . O O O O L 2 . 5 C O O L 1 0 . 0 0 0 0 1 5 . C O C O 5 C . C C C C
6 6 5 1 . 5 0 0 0 3 0 . 0 C 0 0 7 0 . 0 0 0 0 1 0 . C O C O 1 5 0 . 0 C 0 C l O . O O O O L 5 . C O C O 1 0 . 0 0 0 0 1 5 . C O C O I C C C . C C C O
6 6 6 1 . 5 0 0 0 5 . 0 0 0 0 L 1 0 0 . 0 0 0 0 2 . 5 C 0 0 L 1 0 0 . C O C O 1 0 . C C C 0 L 5 . C O C O 1 5 . C O C O 1 5 . C O C O 1 C C . C C C 0
6 6 7 2 . 0 0 0 0 5 . 0 0 0 0 L 7 0 . 0 0 0 0 1 C . C O C O 2 0 0 . C O C O l O . O O O O L 7 . C C 0 0 1 5 . C O C O 1 5 . 0 0 0 0 1 5 C . 0 C C 0
6 6 8 1 . 5 0 0 0 1 5 . 0 0 0 0 7 C . C C 0 0 I C . C C C O 3 0 C . C C C C 1 C . C C O O L 7 . C O C O 1 5 . C O C O 3 0 . C O C O 1 5 C 0 . C C 0 0
6 6 9 1 . 5 C 0 0 0 . 0 N 3 0 . 0 0 0 0 3 0 . C O C O 1 5 C . C O O O 0 . 0  N 5 . C O C O 1 5 . C O C O 5 0 . C O C O 2 C C . C C 0 0
6 7 0 1 . 0 0 0 0 0 . 0 N 7 C . C C C 0 7 0 . C O C O 7 C . C C C C l O . O O O O L 2 . 5 C 0 0 L 1 0 . 0 0 0 0 7 C . C C C C 1 5 . C C C C
6 7 1 0 . 5 0 0 0 L O . C N 1 5 . C O C O 3 0 . 0 0 0 0 5 0 . C O C O C . O  N 2 . 5 C C 0 L I C . C C C O 3 0 . C O C O C . O  N
6 7 2 0 . 5 0 0 0 L 0 . 0 N 3 0 . 0 0 0 0 7 0 . C O C O 3 0 . 0 0 0 0 l O . O O O O L 2 . 5 0 0 0 L 1 0 . 0 0 0 0 5 C . C C C 0 3 C . C C C 0
6 7 3 1 . 0 0 0 0 0 . 0 N 3 0 . 0 0 0 0 7 0 . C O C O 7 C . C C C C l O . O O O O L 2 . 5 C C 0 L 1 0 . 0 0 0 0 5 0 . 0 0 0 0 I C . C C C O
6 7 4 0 . 5 0 0 C J L 0 . 0 N 2 0 . 0 0 0 0 3 C . C C 0 C 1 0 . 0 C C C C . O  N O . C  N 5 . C C C 0 L 3 0 . C O C O C . O  N
6 7 5 1 . 5 0 0 0 0 . 0 N 3 0 . 0 0 0 0 1 0 0 . C O C O 3 0 . C O C O l O . O O O O L 2 . 5 C 0 0 L I C . O C C O 7 0 . C O C O C . O  N
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F R E O
3.B E — 0 2  - 5 . 6 6 - 0 2 2 2
5.6E-02 - 8.3E-02 1 3
8.3E-02 - 1.2E-01 6 9
1.2E-01 - 1.8E-01 7 16
1.8E-01 - 2.66-01 5 21
2.6E-01 - 3.8E-01 10 31
3.8E-01 - 5.6E-01 8 39
5.6E-01 - 8.3E-01 9 48
8.3E-01 - 1.2E 00 13 61
1.2E 00 - 1.8E 00 29 90
1.8E 00 - 2.6E 00 41 131
2.6E 00 - 3.8E 00 140 271
3.8E 00 - 5.6E 00 152 423
5.6E 00 - 8.3E 00 75 498
8.3E 00 - 1.2E 01 64 562
1.2E 01 - 1.8E 01 70 632
1.8E 01 - 2.6E 01 9 641
















N L H B
0 0 0 0
0.0 0.0
P E R C E N T
FREQ
0 . 3 1
0. 16















P E R C E N T  
FREa CUM 
0 . 3 1  



















A N A L Y T I C A L  





M A X I M U M  = 2.00000E 01
M I N I M U M 5 . 0 0 0 0 0 E - 0 2
GEOMETRIC
G E O M E T R I C
M E A N  =  3 . 9 7 0 1 0 E  0 0























FREOUE/MC > rAOLE FOfl C O L C//- P*G PC T
LIMITS
L O W E R  - U P P E R
FREO
CUM
P E R C E N T  
FRE C
P E R C E N T  
F R E O  CUM
1.8E-02 - 2 . 6 E - 0 2 1 5 15 2.33 2.33
2.6E-02 - 3.86-02 5 20 0.78 3.11
3.8E-02 - 5.6E-02 2 22 0.31 3.42
5.6E-02 - 8.3E-02 11 33 1.71 5.13
8.3E-02 - 1.2E-01 11 44 1.71 6.84
1.2E-01 - I.8E-0I 18 62 2.80 9.64
1.8E-01 - 2.6E-0I 16 78 2.49 12.13
2.6E-01 - 3.8E-01 34 112 5.29 17.42
3.8E-01 - 5.6E-01 31 143 4.82 22.24
5.6E-01 - 8.3E-0I 68 211 10.58 32.81
8.3E-01 - I.2E 00 95 306 14.77 47.59
1-2E 00 - 1.8E 00 139 445 21.62 69.21
1.8E 00 - 2.6E 00 72 517 11.20 80.40
2.6E 00 - 3.8E 00 80 597 12.44 92.85
3-8E 00 - 5.6E 00 27 624 4.20 97.05
5.6E 00 - 8.3E 00 11 635 1.71 98.76

















N L H 8 T G
0 8 C 0 0 0










7 . 0 0 0 0 0 6  0 0  
2.000O0E-02 
MEAN = 9.62392E-01
DEVIATION = 3.267A5E 00
358
FHECUENCY TAHLE FOR COLUMN 3 ( C A PCT )
L I M I T S FRE C F R E O P E R C E N T P E R C E N T
L OWER — U P P E R C U M FRE O FR E Q  C U M
3• B E — 0 2 — 5.6E-02 10 10 1.56 1.56
5.6E-02 - 8.3E-02 1 1 21 1.71 3.27
8.3E-02 - 1.2E-01 9 30 1.60 6.67
1.2E-01 - 1.8E-01 16 66 2.69 7.15
1.8E-01 - 2.6E-01 10 56 1.56 8.71
2.6E-01 - 3.8E-01 16 70 2.18 10.89
3.8E-01 - 5.6E-01 8 78 1.26 12.13
5.6E-01 - 8.3E-01 36 112 5.29 17.62
8.3E-01 - 1.2E 00 36 166 5.29 22.71
l-2E 00 - 1.8E 00 86 230 13.06 35.77
1.8E 00 - 2.6E 00 75 305 11.66 67.63
2.6E 00 - 3.8E 00 109 616 16.95 66.39
3.8E 00 - 5.6E 00 90 506 16.00 78.38
5.6E 00 8.3E 00 69 553 7.62 86.00
8.3E 00 - 1.2E 01 32 585 6.98 90.98
1.2E 01 1.8E 01 13 598 2.02 93.00
1.8E 01 ~ 2-6E 01 12 610 1.87 96.87

















2 . OE 01 XX
A N A L Y T I C A L
V A L U E S
360
IEOUENC V FABLE FOR C O L U M N 1 T I p c  r  >
L I M I T S FRE O F R E C P E R C E N T P E R C E N T
L O W E R — U P P E R CUM FREQ FRE Q  CUM
1 - 8 6 - 0 3 - 2 . 6 E - 0 3 3 3 0 . 4 7 0 . 4 7
2 . 6 E - 0 3 - 3 . 8 E - 0 3 1 4 0 . 1 6 0 . 6 2
3 . 8 6 - 0 3 - 5 . 6 E - 0 3 5 9 0 .  7 8 1 . 4 0
5 . 6 E - 0 3 - 8 . 3 E - 0 3 3 12 0 . 4 7 1 . 8 7
8 . 3 E - 0 3 - 1. 2 E - 0 2 10 22 1 . 5 6 3 . 4 2
1 . 2 E - 0 2 - 1 . 8 E - 0 2 6 2 8 0 . 9 3 4 . 3 5
1. 8 E - 0 2 - 2 . 6 E - 0 2 8 3 6 1 . 2 4 5 . 6 0
2 . 6 E - 0 2 - 3 . 8 E - 0 2 21 5 7 3 . 2 7 8.86
3 . 8 E - 0 2 - 5 . 6 E - 0 2 1 3 7 0 2.02 1 0 . 8 9
5 . 6 E - 0 2 - 8 . 3 E - 0 2 2 4 9 4 3 . 7 3 1 4 . 6 2
8 . 3 E - 0 2 - 1 . 2 E - 0 1 1 9 1 1 3 2 . 9 5 1 7 . 5 7
1 . 2 E - 0 1 - 1 . 8 E - 0 1 2 9 1 4 2 4 . 5 1 2 2 . 0 8
1 . 8 E - 0 1 - 2 . 6 E - 0 1 5 3 1 9 5 8 . 2 4 3 0 . 3 3
2 . 6 E - 0 1 - 3 . 8 E - 0 1 1 8 1 3 7 6 2 8 . 1 5 5 8 . 4 8
3 . 8 E - 0 1 - 5 . 6 E - 0 1 1 3 3 5 0 9 20.68 7 9 . 1 6
5 . 6 E - 0 1 - 8 . 3 E - 0 1 9 7 6 0 6 1 5 . 0 9 9 4 . 2 5
8 . 3 E - 0 1 1 - 2 E  0 0 2 4 6 3 0 3 . 7 3 9 7 . 9 8
5 T 0 G R A M  F O R C O L U M N 4  ( T I P C  T )
5 . 0 E - 0 3  X 
7 . 0 E - 0 3
1 . 0 E - 0 2  X X
1 . 5 E - 0 2  X
2 . 0 E - 0 2  X
3 . 0 E - 0 2  X X X
5 •  O b — 0 2  X X
7 . 0 E - 0 2  X X X X
1 . 0 E - 0 1  X X X
1 . 5 E - 0 1  X X X X X
2 . 0 E - 0 1  X X X X X X X X
3 . 0 E - 0 1  X X X X X X X X X X X X X X X X X X X X X X X X X X X X
5 . 0 E - 0 1  X X X X X X X X X X X X X X X X X X X X X
7 . 0 E - 0 1  X X X X X X X X X X X X X X X
l . O E  0 0  X X X X
A N A L Y T I C A L  
G V A L U E S
5  6 3 0
0 .  7 8
M A X I M U M  =  1 . C O O O O E  0 0
M I N I M U M  -  2  - O O O O O E — O  3
G E O M E T R I C  M E A N  = 2 . 4 9 9 5 4 E - 0 1
G E O M E T R I C  D E V I A T I O N  *  3 . 1 2 9 1 8 E  0 0
■ irErX-iiLE: 
r* >n. '4
■  a k # ' F  i?jijW l::ar;iiiiliij^g ;
.
s  ■ ;!|i;! '•? “! ™ fW ^  .-Wf ** I
- K  E  Q  LJ E rjC V TJX O L E  FOR C O L U M N 5 ( MN P P M  1
L I M I T S F R E O FRE O P E R C E N T P E R C E N T
L O W E R — U P P E R C U M FREO FRE O  CUM
8.3E 00 - 1.2E 01 2 2 0.31 0.31
I.2E 01 - 1.8E 01 O 2 0.0 0.31
1.8E 01 - 2.66 01 3 5 0.47 0.78
2.6E 01 ~ 3.8E 01 4 9 0.62 1.40
3.8E 01 ~ 5.66 01 8 17 1.24 2.64
5.66 01 ~ 8.3E 01 18 35 2.80 5.44
8.3E 01 - 1.2E 02 15 50 2.33 7.78
I.2E 02 - 1.8E 02 31 81 4.82 12.60
1.8E 02 - 2.6E 02 26 107 4.04 16.64
2.6E 02 - 3.86 02 39 146 6.07 22.71
3.8E 02 - 5.66 02 78 224 12.13 34.84
5.66 02 “ 8.3E 02 185 409 28.77 63.61
8.36 02 “ 1.2E 03 124 533 19.28 82.89
1.26 03 - 1.86 03 89 622 13.84 96.73
1.86 03 2.66 03 1 1 633 1.71 98.44
2.66 03 - 3.86 03 6 639 0.93 99.38
3.86 03 5.66 03 1 640 0.16 99.53
STOGRAM FOR COLUMN 5 ( MN PPM )
3.06 01 X
5.0E 01 X
7.0E 01 X X X








2.0E 03 X X
3.06 03 X
5.06 03
MAXIMUM = 5.OOUOOE 03






g;: .5-:™^-':^ • i-





G E O M E T R I C  M E A N 5 72274E 02
G E O M E T R I C  DEVIATION 2 . 51 54 8E  00
364
F R E Q U E N C Y  T A B L E  F O R  C O L U M N  6 I A G  P P M  >
LIMITS FREC FREQ PERCENT
LOWER - UPPER CUM FRE0
3.8E -01 - 5.6E -01 20 20 3.11
5.6E--01 - 8.3E--01 18 38 2.80
8.3E--01 - 1.2E 00 12 50 1.87
1.2E 00 - 1.8E 00 23 73 3.58
1.8E 00 - 2.6E 00 8 81 1.24
2.6E 00 - 3.8E 00 5 86 0.78
3.8E 00 - 5.6E 00 5 91 0.78
5.6E 00 - 8.3E 00 5 96 0.78
8.3E 00 - 1.2E 01 3 99 0.47
1.2E 01 - 1.8E 01 9 108 1.40
1.8E 01 - 2.6E 01 4 112 0.62
2.6E 01 - 3.8E 01 9 121 1.40
3.8E 01 - 5.6E 01 0 121 0.0
5.6E 01 8.3E 01 1 122 0.16













































E K E  C U E  N C  V T A B L E FOR COLUMN 7 i AS P P M  1
L IM IT S FRED FREC PERCENT PERCENT
LOWER -  UPPER CUM FREQ FREQ CUM
1.8E 02 - 2.6E 02 9 9 1-40 1.40
2-6E 02 - 3-8E 02 A 13 0-62 2.02
3.8E 02 - 5.6E 02 A 17 0.62 2.64
5.6E 02 - 8.3E 02 9 26 1.40 4.04
8.3E 02 - 1.2E 03 2 28 0.31 4.35
1.2E 03 - 1.8E 03 1 29 0.16 4.51
1.8E 03 - 2.6E 03 0 29 0 .0 4.51
2.6E 03 - 3.8E 03 5 34 0.78 5.29
3.8E 03 - 5.6E 03 0 34 0 .0 5.29
5.6E 03 - 8.3E 03 1 35 0.16 5.44
HISTOGRAM FOR COLUMN 
2.0E 02 X 
3.0E 02 X 
5.0E 02 X 




3.0E 03 X 
5.0E 03 
7.0E 03
MAXIMUM = 7.00000E 03
MINIMUM = 2.00000E 02
GEOMETRIC MEAN = 6.07578E 02








*- z r-1 x 
t_ O  W E  «  —
r s
U P P E R
Z- K  fE t
a -  3 e o o  — 1 • 2  E O  1 9 9
1 m 2 E O l  - 1 . 8 E 0 1 6 8
1 . 8 E 0 1  - 2 . 6 E 0 1 8 2
2 . 6 E 0 1  - 3 . 8 E 0 1 8 4
3 . 8 E 0 1  - 5 . 6 E 0 1 4 3
5 . 6 E 0 1  - 8 . 3 E 0 1 3 6
8 . 3 E 0 1  - 1 . 2 E 0 2 1 6
1 . 2 E 0 2  - 1 . 8 E 0 2 8
1 . 8 E 0 2  - 2 . 6 E 0 2 7
2 . 6 E 0 2  - 3 . 8 E 0 2 4
3 . 8 E 0 2  - 5 . 6 E  0 2 1
5 . 6 E 0 2  - 8 . 3 E 0 2 2
8 . 3 E 0 2  - 1 . 2 E 0 3 0
1 . 2 E 0 3  - I . 8 E 0 3 l
HISTOGRAM FOR COLUMN 9 ( B
1.0E 01 x x x x x x x x x x x x x x x
1.5E 01 x x x x x x x x x x x
2.0E 01 x x x x x x x x x x x x x
3.0E 01 x x x x x x x x x x x x x
5.0E 01 x x x x x x x









F R e a
CUM
1-  ( n  ( _  1 r J  1
F r e  a
P E R C E N T
FREQ CUM
9 9 1 5 . 9 0 1 5 . 9 0
1 6 7 1 0 . 5 8 2 5 - 9 7










450 0 . 0 69.98
451 0.16 70.14
PPM )
N L H B T
ANALYTICAL 
G VALUES






MINIMUM l . C O O C O E  0 1

L O W E  K
1 - B E  O 1 
2 . 6 E  O l  
3- 8E 01 
5 - 6 E  0 1  
8.3E 0 1  - 
1.2E 02 • 
1.8E 02 • 
2.6E 02 ■ 
3.8E 02 - 
5-6E 02 ■ 
8.3E 02 ■ 
1.2E 03 ■ 
1.8E 03 ■ 
2.6E 03 
3-8E 03
U P P E R
2 - 6 E  O 1 
3 . 8 E  O 1 













1 6 . 6 4
2 3 . 3 3
4 0 . 1 2
5 5 . 5 2
7 2 . 9 4  
8 0 . 0 9  
8 5 . 5 4  
8 6 . 7 8
8 6 . 9 4  
8 7 . 2 5
H I S T O G R A M  F O R  C O L U M N  1 0  ( B A  P P M  ) 
2 . 0 E  0 1  X X  
3 . 0 E  0 1  X  
5 . 0 E  0 1  X  
7 . 0 E  0 1  X X  
1 . 0 E  0 2  X X X X  
1 . 5 E  0 2  X X X X X X X  
2 . 0 E  0 2  X X X X X X X  
3 . 0 E  0 2  X X X X X X X X X X X X X X X X X  
5 . 0 E  0 2  X X X X X X X X X X X X X X X  
7 . 0 E  0 2  X X X X X X X X X X X X X X X X X  
1 . 0 E  0 3  X X X X X X X  
1 . 5 E  0 3  X X X X X  
2 . 0 E  0 3  X 
3 . 0 E  0 3  
5 . 0 E  0 3
MAXIMUM = 5.00000E 03
MINIMUM = 2.00QC0F 01
. . •. : :
3*fiSTi£4?2

FREQU E N C Y  T A B L E  E  O  R COI_C/l“ 3E PPM >
L I M I T S
L O W E R  - UP P E R
F R E Q F R E Q
CUM
P E R C E N T
FREQ
P E R C E N T  
FREQ CUM
8 . 3 E - 0 1  - 1 .2E 0 0 5* 5 4 8 . 4 0 8 . 4 0
1 . 2 E  0 0  - 1 . 8 E 0 0 3 9 9 3 6 . 0 7 1 4 . 4 6
1 . 8 E  0 0  - 2 . 6 E 0 0 3 9 6 0 . 4 7 1 4 . 9 3
2 . 6 E  0 0  - 3 . 8 E 0 0 I 9 7 0 . 1 6 1 5 . 0 9
3 . 8 E  0 0  - 5 . 6 E 0 0 l 9 8 0 . 1 6 1 5 . 2 4
H I S T O G R A M  F O R  C O L U M N  U  1 R E  P P M  ) 
I . O E  0 0  X X X X X X X X  
I . 5 E  0 0  X X X X X X  
2 . 0 E  0 0  
3 . 0 E  0 0  
5 . 0 E  0 0
M A X I M U M  =  5 . 0 0 0 0 0 E  0 0
M I N I M U M  *  I . 0 0 0 0 0 E  0 0
G E O M E T R I C  M E A N  =  1 . 2 3 3 9 4 E  0 0
G E O M E T R I C  D E V I A T I O N  = 1 . 3 1 6 1 4 E  0 0
A N A L Y T I C A L  
G  V A L U E S
0  9 8
0.0
r, i










■:i! S? g 5 S S 8i
; j
;;>■ ! '
a O 2 2 X
m m ►—t >
o o Z X O ' )
2 *— « ►— « - 4 C D V- TI U J I N J * — 0 D  S J1
m m 2 2 o • • • • • • • •   •
- H — 4 C C = v O Ul C D f\ J U J o O D O ' C O r o U J O'
7 3 7 5 2 2 • C D z 7 > m m m m m m m m  m
* — « t— o *— -n I u > U J N J 1— *-• - 4 >
o O II II 4\ > • • • • • • • • • • 2 o o o o o o o o  o
v /t o o o o o o o o fV J ►— *—• »— *— ►— o  o
o 2 m m m m m m m m m m - n
m m U 1 r— o 1 1 1 l 1 1 1 1 i
< > • • o o o o o o o o o o 7 3
»—i z o yjy r \j f S J »- • ►— *-* ► - » • — » »- • o o
> o o o
- 4 a o o - J x* X X X X X X X X o
*— • o o • o r - X X X X X X X X r - *— 0 0 Vjl U J r u ► -* ►— C D
o o o »— X X X X X X X c • • • • • • • •   •
z » — » m m v* X X X X X X X 2 C X> f tj U J O ' C D O' 0 0 r vj u >
• X X X X X X Z m m m m m m m m  m
II x* o o X X X X X X
u > o r u X X X X X X o c o o o o o o  o
v D X X X X X X ft o r u * * *— • » — * - o




»- * r vj o C O U J VJ > O' X
N j U J VJ 1 X ' 0 0 0 0 r vj U ) m
o
H
v - n \ j y \ j y X ' X ' U J ft O i — * n
w
U J U J U J » — > o o X ' ► — O' O  X






r vj »— • ■ n x
o o fVJ U J x * 0 0 U J C D o x  o
• • • • • • • • • • m  m
U J X ' U J 0 0 O ' 0 0 O X ' o » — o  z
»— - J U J v O r u O ' O O ' > o H
* n x
7 3  m
m  x
C D O D 0 0 C D - j O ' v n U J ►— ►- o  n
U J U J U J O O ' N J U J > £> 0 3 o m
• • • • • • • • • • n  z
O D V /l o 0 0 f u U J O ' r o ►— C  H
U J ►— U 1 r \j U J » — * O ' o 2
s z. e
3- SC act 5 - 6 E O O 1 1 0 -1 6
i n t o  c u m  
0 .16
5 . 6 E O O — a. 3 e OO 1 2 0 .1 6 0 -3  1
3. 3 E O O — 1 . 2 E O l 92 9 * 1 4 . 3 1 1 4 . 6 2
I . 2 E 01 — 1- 8 E Ol 2 2 1 1 6 3 . 4 2 1 8 . 0 4
l m  B E O l - 2 . 6 E 01 21 137 3 . 27 21. 31
2. 6E 01 3. 8E 01 34 171 5. 29 26. 59
3. 8E 01 - 5. 6E 01 46 217 7 . 1 5 33. 75
5. 6E 01 - 8. 3 E 01 110 327 17.11 50. 86
8. 3E 01 - 1. 2E 02 58 385 9 . 02 59. 88
1. 2E 02 - 1. 8E 02 88 473 13. 69 73- 56
1. 8E 02 - 2. 6 E 02 18 491 2. 80 76. 36
2. 6 E 02 - 3. 8E 02 13 504 2 . 02 78. 38
3. 8E 02 5. 6 E 02 4 508 0 . 62 79. 00
5. 6E 02 - 8. 3E 02 3 511 0 . 4 7 7 9. 47
8. 3 E 02 - 1. 2 E 03 1 512 0 . 1 6 79. 63
H I S T O G R A M  F O R  C O L U M N 1 4  ( C R  P P M  )
1. 0E 01 xxxxxxxxxxxxxx
1. 5E 01 X X X
2. 0E 01 X X X
3. 0E 01 xxxxx
5. 0E 01 xxxxxxx
7. 0E 01 x xxxxxxxxxxxxxxxx
1. 0E 02 xxxxxxxxx
1. 5E 02 xxxxxxxxxxxxxx
2 . 0E 02 X X X
3. 0E 02 X X










« l . O O O O O E  0 3  
■ 5 . C 0 0 0 0 E  0 0
G E O M E T R I C  M E A N  = 5 . 2 6 7 9 1 E  0 1











f • ( R1. 1 N 1
FREQ CUM
3- 8E oo — 5.6E oo 3 1 3 1 4.S2 4.82
5 . 6 E 00 — 8 . 3 E oo 1 1 42 1 . 7 1 6 . 5 3
8 . 3  E 00 — 1 . 2 E 01 23 65 3 . 5 8 1 0 . 1 1
1 . 2 E 01 - 1 .8 E 01 52 117 8 . 0 9 1 8 . 2 0
1 . 8 E 01 - 2 . 6 E 01 43 160 6 . 6 9 2 4 . 8 8
2 . 6 E 01 - 3 . 8 E 01 107 267 1 6 . 6 4 4 1 . 5 2
3 . 8 E 01 5 . 6E 01 69 336 1 0 . 7 3 5 2 . 2 6
5 . 6 E 01 8 . 3 E 01 73 4 09 1 1 . 3 5 6 3 . 6 1
8 . 3 E 01 1 .2 E 02 44 453 6 . 8 4 7 0 . 4 5
I . 2 E 02 - 1 . 8 E 02 50 503 7 . 7 8 7 8 . 2 3
1 . 8 E 02 2 . 6 E 02 28 531 4 . 3 5 8 2 . 5 8
2 . 6 E 02 - 3 . 8 E 02 13 544 2 . 0 2 8 4 . 6 0
3 . 8 E 02 5 . 6 E 02 6 550 0 . 9 3 8 5 . 5 4
5 . 6 E 02 - 8 . 3 E 02 4 554 0 . 6 2 8 6 . 1 6
8 . 3 E 02 - 1 . 2 E 03 0 554 0.0 86 .  16
I . 2 E 03 - 1 . 8 E 03 2 556 0 . 3 1 8 6 . 4 7
1 . 8 E 03 - 2 . 6 E 03 2 558 0 . 3 1 8 6 . 7 8
2 . 6 E 03 3 . 8 E 03 l 559 0 . 1 6 8 6 . 9 4
3 . 8 E 03 - 5 . 6 E 03 0 559 0.0 8 6 . 9 4
5 . 6 E 03 - 8 . 3 E 03 0 559 0.0 8 6 . 9 4
8 . 3 E 03 1 . 2 E 04 2 561 0 . 3 1 8 7 . 2 5
1 . 2 E 04 - 1 . 8 E 04 3 564 0 . 4 7 8 7 . 7 1
1 . 8 E 04 - 2 . 6 E 04 4 568 0 . 6 2 8 8 . 3 4
H I S T O G R A M  F O R  C O L U M N  1 5  ( C U  P P M  )
5 . 0 E 00 XXXXX
7 . 0 E 00 XX
1 . 0 E 01 xxxx
1 . 5 E 01 xxxxxxxx
2 . 0 E 01 xxxxxxx
3 . 0 E 01 xxxxxxxxxxxxxxxxx
5 . 0 E 01 xxxxxxxxxxx
7 . 0 E 01 xxxxxxxxxxx
1 .0 E 02 xxxxxxx
1 . 5 E 02 xxxxxxxx
2 . 0 E 02 xxxx
UJ • O m 02 XX
5 . 0 E 02 X




FKEOUENC V TABLE FOR COLUMN L A PPM
L I M I T S F R E Q FREQ P E R C E N T P E R C E N T
L O W E R  - U P P E R CUM FREQ F R E Q  CUM1-8E 01 - 2-6E 01 187 187 29.08 29.082.6E 01 - 3.8E 01 30 217 4.67 33.75
3.8E 01 - 5.6E 01 7 224 1.09 34.84
5.6E 01 - 8.3E 01 2 226 0.31 35.158.3E 01 - 1.2E 02 1 227 0.16 35.30
IT0GRAM FOR COLUMN 16 t LA PPM )
2.0E 01 xxxxxxxxxxxxxxxxxxxxxxxxxxxxx
3 . 0 E  01 XXXXX
MAXIMUM = 1 . 0 0 0 0 0 E  02
M IN IMUM = 2 • OOOOOE 01
GEOMETRIC  MEAN = 2 . 2 1 0 2 0 E  01
GEOMETR IC  D E V I A T I O N  = 1 . 2 8 5 9 1 E  00
AN A LYT IC AL
VALUES
227
[EOi/e/vcr r/»BLe r=ar< cot •-"HIM IT C HO
L I M I T S F R E Q FREQ P E R C E N T P E R C E N T
LOW E R  -  UPP E R CUN FftEO FREQ CUM
3.8 E O O  -  5 . 6 E OO 23 23 3 . 5 8 3 . 5 8
5 . 6  E OO -  8 . 3 E 00 24 47 3 . 7 3 7 . 3 1
8 . 3E 00  -  1 . 2 6 01 10 57 1 . 5 6 8 . 8 6
1 .2 E 01 -  1 . 8 E 01 24 81 3 . 7 3 1 2 . 6 0
1 . 8 E 01 -  2 . 6 E 01 8 89 1 . 2 4 1 3 . 8 4
2 . 6 E 01 -  3 . 8 E 01 6 95 0 . 9 3 1 4 . 7 7
3 . 8 E 01 -  5 . 6 E 01 8 103 1 . 2 4 1 6 . 0 2
5 . 6 E 01 -  8 . 3 E 01 11 114 1 . 71 1 7 . 7 3
8 . 3 E 01 -  1 .2 E 02 0 114 0.0 1 7 . 7 3
1 .2 E 02 -  1 . 8 E 02 7 121 1 . 09 1 8 . 8 2
1 . 8 E 02 -  2 . 6 E 02 4 125 0 . 6 2 1 9 . 4 4
2 . 6 E 02 -  3 . 8 E 02 5 130 0 . 7 8 2 0 . 2 2
H ISTOGRAM FOR COLUMN 17 ( MO PPM )
5 . 0 E 00 XXXX
7 . 0 E 00 XXXX
1 .0 E 01 XX
1 . 5 E 01 XXXX
2 . 0 E 01 X
3 . 0 E 01 X
5 . 0 E 01 X
7 . 0 E 01 XX
1 . 0 E 02
1 . 5 E 02 X
2 . 0 E 02 X
3 . 0 E 02 X
MAXIMUM = 3 . 0 0 0 0 0 E  02
M IN IM UM  = 5 . 0 0 0 0 0 E  00
GEOMETR IC  MEAN = 1 . 8 4 4 5 3 E  01
GEOMETR IC  D E V I A T I O N  = 3 . 3 4 2 6 5 E  00







FREO E PE C3 PERCENT PERCENT
LOWER — UPPER CUP F R E Q F R E Q  C U M
8 .3E  O O  - 1 .2E 0 1 180 180 2 7 - 9 9 2  7 . 9 9
1-2E 01 - 1- 8E 01 44 224 6 . 8 4 34.84
1.8E 01 - 2.6E 01 6 230 0.93 35.77
2.6E 01 - 3 . 8 E 01 3 233 0.47 36.24





N L H B T G
339 71 0 0 0 0




MAXIMUM = 3. 00000E 01
MINIMUM = I . C0 0 00 E 01
GEOMETRIC MEAN = 1. 11464E 01
GEOMETRIC DEVI ATI ON = 1. 24332E 00
: |  s S  - - t r  * - ' ' . r-r . - _ F “ -  ”
FKEaueNCV T A B L E  E O Ft COLUMN 19 f IV  I PPM I
L I M I T S F R E C F R E O P E R C E N T P E R C E N T
LO W E R — UP P E R C U M FREO FREQ CUM
3. 8E 00 - 5. 6E 00 73 73 11. 35 11. 35
5. 6E 00 - 8 . 3E 00 35 108 5. 66 16.80
8. 3E 00 - 1. 2E 01 63 171 9 . 80 26. 59
1. 2E 01 - 1.8E 01 83 256 12.91 39. 50
1. 8E 01 - 2. 6E 01 61 315 9 . 6 9 68. 99
2. 6E 01 - 3. 8E 01 130 66 5 20. 22 69. 21
3. 8E 01 - 5. 6E 01 52 697 8. 09 77. 29
5. 6E 01 - 8. 3E 01 66 563 7. 15 86. 65
8. 3E 01 - 1. 2E 02 19 562 2. 95 87. 60
1. 2E 02 - 1.8E 02 8 570 1.26 88. 65
1. 8E 02 — 2. 6E 02 1 571 0.  16 88. 80
HISTOGRAM FOR COLUMN 19 ( NI PPM )
5 . 0E 00 XXXXXXXXXXX
7. 0E 00 XXXXX
1. 0E 01 xxxxxxxxxx
1. 5E 01 xxxxxxxxxxxxx
2. 0E 01 xxxxxxxxx
UJ
o• 01 xxxxxxxxxxxxxxxxxxxx
5. 0E 01 xxxxxxxx
7. 0E 01 xxxxxxx









MAXIMUM = 2. 00000E 02
MINIMUM = 5. 00000E 00
GEOMETRIC MEAN = 2 . 00686E 01












i  u w r n .
X M I T S
UPPER
1 iU u FREO
CUM ^  fc f r  e a
PERCtNI
FREQ CUM
a.  3 e o o — 1 - 2 E O 1 8 2 82 12- 75 12-75
I - 2 E 01 — 1 . 8E 0 1 2 3 105 3 . 5 8 1 6 - 3 3
1 . B E 01 — 2 . 6 E 01 2 2 1 2 7 3 - 4 2 1 9 . 7 5
2 . 6 E 01 _ 3 . B E 01 16 143 2 . 4 9 2 2 . 2 4
3 . 8 E 01 - 5 . 6 E 01 6 149 0 - 9 3 2 3 . 1 7
5 . 6 E 01 - 8 . 3 E 01 3 182 0 . 4 7 2 3 . 6 4
8 . 3 E 01 - 1 . 2 E 02 4 156 0 . 6 2 2 4 . 2 6
1 .2 E 02 - 1 . 8 E 02 1 157 0 .  16 2 4 . 4 2
1 .8 E 02 _ 2 . 6 E 02 5 162 0 . 7 8 2 5 . 1 9
2 . 6 E 02 - 3 . 8 E 02 0 162 0 . 0 2 5 .  19
3 . 8 E 02 - 5 . 6 E 02 0 162 0 . 0 2 5 . 1 9
5 . 6 E 02 — 8 . 3 E 02 1 163 0.  16 2 5 . 3 5
8 . 3 E 02 — 1 . 2 E 03 l 164 0 . 1 6 2 5 . 5 1
1 . 2 E 03 _ 1 . 8 E 03 5 169 0 . 7 8 2 6 . 2 8
1 .8 E 03 _ 2 . 6 E 03 0 169 0 . 0 2 6 . 2 8
2 . 6 E 03 - 3 . 8 E 03 0 169 0 . 0 2 6 . 2 8
3 . 8 E 03 — 5 . 6 E 03 0 169 0 . 0 2 6 . 2 8
5 . 6 E 03 - 8 . 3 E 03 1 170 0 . 1 6 2 6 . 4 4
8 . 3 E 03 1 . 2 E 04 1 171 0 . 1 6 2 6 . 5 9
HISTOGRAM FOR COLUMN 20 ( PB PPM ) 
l.OE 01 XXXXXXXXXXXXX 
1.5E 01 XXXX 
2.0E 01 XXX 
3.0E 01 XX 
5.0E 01 X 
7-0E 01 
l.OE 02 X 
1.5E 02 





1.5E 03 X 
2.0E 03 
3.0E 03
5 . 0 E  0 3


o l c  r= c j k C O L .  UMir. S  f sc i>f" r- )
L I M I T S F R E Q F R E Q P E R C E N T P E R C E N T
L O W E R — U P P E R C U M F R E C F R E O  C U M
3 - 8 E 0 0 — 5 . 6  E 0 0 3 6 3 6 5 . 6 0 5 . 6 0
5 . 6 E 0 0 - 8 . 3 E 0 0 4 0 7 6 6 . 2 2 1 1 . 8 2
8 . 3 E 0 0 - 1 . 2 E 0 1 6 0 1 3 6 9 . 3 3 2 1 . 1 5
I . 2 E 0 1 - 1 . 8 E 0 1 1 5 1 2 8 7 2 3 . 4 8 4 4 . 6 3
1 . 8 E 0 1 - 2 . 6 E 0 1 1 3 9 4 2 6 2 1 . 6 2 6 6 . 2 5
2 . 6 E 0 1 - 3 . 8 E 0 1 1 0 2 5 2 8 1 5 . 8 6 8 2 . 1 2
3 . 8 E 0 1 - 5 . 6 E 0 1 1 4 5 4 2 2 . 1 8 8 4 . 2 9
5 . 6 E 0 1 - 8 . 3 E 0 1 3 5 4 5 0 . 4 7 8 4 . 7 6
8 . 3 E 0 1 1 . 2 E 0 2 1 5 4 6 0 . 1 6 8 4 . 9 1
S T O G R A M  F O R C O L U M N 2 2 ( S C P P M  )
5 . 0 E  0 0  X X X X X X
7 . 0 E  0 0  X X X X X X
1 . 0 E  0 1  X X X X X X X X X
1 . 5 E  0 1  X X X X X X X X X X X X X X X X X X X X X X X
2 . 0 E  0 1  X X X X X X X X X X X X X X X X X X X X X X
3 . 0 E  0 1  x x x x x x x x x x x x x x x x
5 . 0 E  0 1  X X
7 . 0 E  0 1
l . O E  0 2
M A X I M U M  =  l . O O O O O E  0 2  
M I N I M U M  =  5 . 0 0 0 0 0 E  0 0
G E O M E T R I C  M E A N  =  1 . 6 1 2 8 9 E  0 1
G E O M E T R I C  D E V I A T I O N  =  1 . 7 3 4 9 1 E  0 0
m .
A N A L Y T I C A L
V A L U E S
5 4 6

«COC/C /VC V COLL// < SR RRR »
L I M I T S F R E Q F R E Q P E R C E N T P E R C E N T
LOWER - UP P E R C U P F R E Q FREG CUM
8.3E 0 1 1 -2E 0 2 42 42 6 . 5 3 6 . 5 3
I . 2 E 0 2 1 . 8 E 0 2 51 9 3 7 . 9 3 1 4 . 4 6
1 . 8 E 0 2 2 . 6 E 0 2 6 6 1 5 9 1 0 . 2 6 2 4 . 7 3
2 . 6 E 0 2 3 . 8 E 0 2 1 8 7 3 4 6 2 9 . 0 8 5 3 . 8 1
3 . 8 E 0 2 5 . 6 E 0 2 7 1 4 1 7 1 1 . 0 4 6 4 . 8 5
5 . 6 E 0 2 8 . 3 E 0 2 7 8 4 9 5 1 2 . 1 3 7 6 . 9 8
8 . 3 E 0 2 1 . 2 E 0 3 2 7 5 2 2 4 . 2 0 8 1 . 1 8
1 . 2 E 0 3 1 . 8 E 0 3 9 5 3 1 1 . 4 0 8 2 . 5 8
1 . 8 E 0 3 2 . 6 E 0 3 3 5 3 4 0 . 4 7 8 3 . 0 5
2 . 6 E 0 3 3 . 8 E 0 3 2 5 3 6 0 . 3 1 8 3 . 3 6
H I S T O G R A M  F O R  C O L U M N  2 4  ( S R  P P M  ) 
l . O E  0 2  X X X X X X X  
1 . 5 E  0 2  X X X X X X X X  
2 . 0 E  0 2  X X X X X X X X X X
3 . 0 E  0 2  X X X X X X X X X X X X X X X X X X X X X X X X X X X X X
5 . 0 E  0 2  X X X X X X X X X X X
7 . 0 E  0 2  X X X X X X X X X X X X
l . O E  0 3  X X X X
1 . 5 E  0 3  X
2 . 0 E  0 3
3 . 0 E  0 3
M A X I M U M  =  3 . 0 0 0 0 0 E  0 3
M I N I M U M  = l . O O O O O E  0 2  
G E O M E T R I C  M E A N  = 3 . 3 0 1 3 8 E  0 2
G E O M E T R I C  D E V I A T I O N  =  1 . 9 5 4 4 2 E  0 0
A N A L Y T I C A L
V A L U E S
5 3 6
i- I  M
L o  w e  R  —
I  r s
U P P E R
F R E O
C U P
P E R C E N T
F R E O
P E R C E N T  
F R E O  C U M
e .  3 E oo - I  -  2 E O l b b 0 . 9 3 0 . 9 3
1 . 2 E 0 1  - 1 . 8 E 0 1 1 9 2 5 2 . 9 5 3 . 8 9
l . B E 0 1  - 2 . 6 E 0 1 1 4 3 9 2 .  1 8 6 . 0 7
2 . 6 E 0 1  - 3 . 8  E 0 1 3 3 7 2 5 . 1 3 1 1 . 2 0
3 . 8 E 0 1  - 5 . 6 E 0 1 2 6 9 8 4 . 0 4 1 5 . 2 4
5 . 6 E 0 1  - 8 . 3 E 0 1 3 5 1 3 3 5 . 4 4 2 0 . 6 8
8 . 3 E 0 1  - 1 . 2 E 0 2 4 2 1 7 5 6 . 5 3 2 7 . 2 2
1 . 2 E 0 2  - 1 . 8 E 0 2 1 5 9 3 3 4 2 4 . 7 3 5 1 . 9 4
1 . 8 E 0 2  - 2 . 6 E 0 2 1 6 1 4 9 5 2 5 . 0 4 7 6 . 9 8
2 . 6 E 0 2  - 3 . 8 E 0 2 1 0 6 6 0 1 1 6 . 4 9 9 3 . 4 7
3 . 8 E 0 2  - 5 . 6 E 0 2 1 3 6 1 4 2 . 0 2 9 5 . 4 9
5 . 6 E 0 2  - 8 . 3 E 0 2 2 6 1 6 0 . 3 1 9 5 . 8 0
8 . 3 E 0 2  - 1 . 2 E 0 3 2 6 1 8 0 . 3 1 9 6 . 1 1








1.5E 02 XXXXXXXXXXXXXXXXXXXXXXXXX 





MAXIMUM = l.OOOOOE 03 
MINIMUM = l.OOOOOE 01 
GEOMETRIC MEAN = 1.33646E 02





F R E C F R E C P E R C E N T P E R C E N T
C U P F R E Q F R E Q  C U M1 1 0.16 0.160 1 0.0 0.160 1 0.0 0.161 2 0.16 0.31
( w PPM )
B T G0 0 0
0.0 O • o




L O W E R
I M  l’ T S
U P P E R
F R E Q F R  EO
C U I “
P E R C E N T
F R E Q
P E R C E N T  
F R E Q  C U M
B . 3 B 00 ~ 1 . 2 E 01 87 87 13.53 13.53
1.2E 01 ~ 1.8E 01 190 277 29.55 43.08
1.8E 01 ~ 2.6E 01 189 466 29.39 72.47
2.6E 01 - 3.8E 01 66 532 10.26 82.74
3.8E 01 5.6E 01 11 543 1.71 84.45
5.6E 01 8.3E 01 1 544 0.16 84.60
8.3E 01 1.2E 02 0 544 0 . 0 84.60
1.2E 02 - 1.8E 02 0 544 0 . 0 84.60
1.8E 02 2.6E 02 1 545 0.16 84.76
ITOGRAM FOR COLUMN 27 ( Y PPM )
l.OE 01 xxxxxxxxxxxxxx








MAXIMUM = 2.00000E 02
MINIMUM = l.OOOOOE 01 
GEOMETRIC MEAN = 1.74402E 01








L I M I T S
L O W E R  -  U P P E R  
1 • 8 E  0 2  ~  2 . 6 E 0 2
F R E Q
14
2 . 6 E 0 2  - 3 . 8 E 0 2 6
3 . 8 E 0 2  - 5 . 6 E 0 2 1
5 . 6 E 0 2  - 8 . 3 E 0 2 5
8 . 3 E 0 2  - 1 . 2 E 0 3 0
1 . 2 E 0 3  - 1 . 8 E 0 3 1
1 . 8 E 0 3  - 2 . 6 E 0 3 0
2 . 6 E 0 3  - 3 . 8 E 0 3 2
3 . 8 E 0 3  - 5 . 6 E 0 3 0
5 . 6 E 0 3  - 8 . 3 E 0 3 2
HISTOGRAM FOR COLUMN 2 8 I ZN
2.0E 02 XX
3.0E 02 X 
5.0E 02 










MAXIMUM = 7.00000E 03
MINIMUM = 2.00000E 02
GEOMETRIC MEAN = 4.35930E 02
F R E Q F R E O  C U M
2.18 2 . 1 8
0 . 9 3 3 . 1  L
0 . 1 6 3 . 2 7
0 . 7 8 A . 0 4
0.0 4 . 0 4
0 . 1 6 4 . 2 0
0.0 4 . 2 0
0 . 3 1 4 . 5 1
0.0 4 . 5 1




0 . 0  0 . 0















GEOMETRIC DEVIATION 2.93888E 00
f = « E O U e N C V   T A B L E   F O R  C OL U M N 2 V   r Z R  P P F   >
L I M I T S F R E O F R E O P E R C E N T P E R C E N T
L O W E R — U P P E R C U M F R E C F R E C   C U M
8 . 3 E 0 0 ~ 1 . 2 E 0 1 2 1 2 1 3 . 2 7 3 . 2 7
1 . 2 E 0 1 - 1  - 8 E 0 1 4 2 5 0 . 6 2 3 . 8 9
1 . 8 E 0 1 ~ 2 . 6 E 0 1 3 7 6 2 5 . 7 5 9 . 6 4
2 . 6 E 0 1 “ 3 . 8 E 0 1 2 3 8 5 3 . 5 8 1 3 . 2 2
3 . 8 E 0 1 “ 5 . 6 E 0 1 6 3 1 4 8 9 . 8 0 2 3 . 0 2
5 . 6 E 0 1 - 8 . 3 E 0 1 1 9 7 3 4 5 3 0 . 6 4 5 3 . 6 5
8 . 3 E 0 1 - 1 . 2 E 0 2 1 4 0 4 8 5 2 1 . 7 7 7 5 . 4 3
1 . 2 E 0 2 ~ 1 . 8 E 0 2 6 6 5 5 1 1 0 . 2 6 8 5 . 6 9
1 . 8 E 0 2 - 2 . 6 E 0 2 1 1 5 6 2 1 . 7 1 8 7 . 4 0
2 . 6 E 0 2 ~ 3 . 8 E 0 2 8 5 7 0 1 . 2 4 8 8 . 6 5
3 . 8 E 0 2 ~ 5 . 6 E 0 2 1 5 7 1 0 . 1 6 8 8 . 8 0
H I S T O G R A M  F O R C O L U M N 2 9  ( Z R P P M  )
1 . 0 E 0 1 X X X
1 . 5 E 0 1 X
2 . 0 E 0 1 x x x x x x
3 . 0 E 0 1 x x x x
5 . 0 E 0 1 x x x x x x x x x x
7 . 0 E 0 1 x x x x x x x x x x
►— • c m 0 2 x x x x x x x x x x
1 . 5 E 0 2 x x x x x x x x x x
2 . 0 E 0 2 X X
3 . 0 E 0 2 X
5 . 0 E 0 2
l L
2 8
8 4 4 . 3 5
M A X I M U M  =   5 . 0 0 0 0 0 E  0 2
M I N I M U M  =   1 . 0 0 C 0 0 E  0 1
G E O M E T R I C  M E A N  =   6 . 8 9 3 3 2 E  0 1




A N A L Y T I C A L  
G   V A L U E S
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‘j p - r H -ir f fi f er e:!: 
f  r  if i
: * :   ^ s S i S S H S
//M T H E  C O M P U T A T I O N S  P E R F O R M E D  T O  P R O C U C E  
O N E  O R  M O R E  O F  T H E  U N G U A L  I F  I  E D  C A T A  V A L U E :  
V A L U E S  A R E  Q U A L I F I E D  W I T H  T H E  G  ( G R E A T E R
N O N E  O F  T H E DATA VALUES FOR AN ELEMENT ARE CUALIFIEC THE MEAN AND DEVIATION SHOULD BE THE SAME AS THCSE GIVEN IN THE PRECEDING 
SECTION. WHERE DATA ARE QUALIFIED WITH THE CODES N » L, OR T, THE ESTIMATES OF GEOMETRIC MEAN AND DEVIATION ARE BASED CN A METHOD 
BY A .  J. COHEN FOR TREATING CENSORED DISTRIBUTIONS. THE APPLICATION OF THIS METHOD TO GEOCHEMICAL PROBLEMS IS CESCRIBEC IN 
USGS PROFESSIONAL PAPER 574-B. THE ESTIMATES ARE UNBIASEC IN A STRICT SENSE ONLY WHERE THE CATA ARE DERIVED FROM A LOGNORMAL 
PARENT POPULATION, BUT EXPERIMENTS HAVE SHOWN THAT LARGE DEPARTURES FROM THIS REQUIREMENT MAY NOT GREATLY INVALIDATE THE RESULTS 
ACCEPTANCE AND USE OF THE ESTIMATES, HOWEVER, IS THE RESPONSIBILITY OF THE INDIVIDUAL.
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Sample Descriptions and Analyses of Bedrock 
Geochemical Samples by Methods Other 
Than Spectrographic
398
Explanation of Appendix IV
All analyses listed on the following pages are of bedrock geochemical 
samples, and were done by methods other than spectrographic. Analyses 
for gold, silver, copper, tellurium, lead, and zinc were done by atomic 
absorption. Tungsten and arsenic determinations are by colorimetric 
methods and mercury by an instrumental technique.
Appropriate limits of detection for the various elements are:
Au PPM Ag PPM As PPM Hg PPM Te PPM Cu PPM Pb PPM
0.02 0.2 10.0 0.01 0.2 10.0 25.0
Zn PPM W  PPM
25.0 20.0
Brief sample descriptions follow the analyses for each sample. Most 
samples are selected grab or chip samples averaging 1/2 to 1 pound.
Samples from the Black Creek and Timiberline Creek areas are of similar 
media but averaged about 5 pounds in weight.
399
Abbreviations Used in Following Sample Descriptions
lim — ---liinonite, limonitic
qtz — --- quartz
dior ---  diorite
py — --- pyrite, pyritic
d k ------dike
r k -- ---rock
intr ---- intrusive rock
alt — --- altered
s h -- --- shear, sheared
carb ---  carbonate




chi — --- chlorite, chloritic
arg — --- argillite
po — --- pyrrhotite
cgl — --- conglomerate
mgrw ---  metagraywacke
n r -- ---near
frac ---- fracture, fractured
L s ------ Limestone
grst -— -- greenstone
mvolc --- metavolcanic
hem —
biot ---- biotite, biotitic
Location
No. Au A s. As H£ Te Cu
1 L(.02) — — —
2 L(.02) — — — — —
3 L (.02) — — — — —
4 L(. 02) — — — — —
5 L(.02) — — — — —
6 L(.02) — — — — —
7 L(.02) — — — — —
8 L(.05) — L 10 0.60 L(.2) —
9 L(.05) — L 10 0.35 0.2 —
10 L(.05) — L 10 0.28 L(.2) —
11 L(. 02) — — — — —
12 L(.02) — — — — —
13 L(.02) — — — — —
14 L(.05) — L 10 0.24 L(.2) —
15 L(.02) — — — — —
16 L (.02) — — — — —
17 L(.05) — L 10 0.35 0.4 __
1
•• h i .J .-!- fd lli











lim qtz dior 
gneiss 
qtz dior 
silic, lim sch 
dk rk w/py 
lim intr rk 
foliated dk rk 
qtz dior 
alt sch
lim dk rk w/py 
gneiss
foliated qtz dior 







No. Au As As AS Te
18 L(.05) L 10 0.70 L(.2)
19 L(. 05) — L 10 0.20 L(.2)
20 L(.05) — L 10 0.20 L(.2)
21 L(. 05) — L 10 0.26 L(.2)
22 L(.05) — L 10 0.40 L(.2)
23 L(.05) — L 10 0.20 0.2
24 L(.05) — L 10 0.20 L(.2)
25 L(.05) — L 10 0.30 L(.2)
26 L(.02) — — — —
27 L (.02) — — — —
28 L(. 05) — L 10 0.28 L(.2)
29 L(.05) — L 10 0.08 L(.2)
30 L(.05) — L 10 0.16 L(.2)
31 L(.05) — 15 0.12 L(.2)
32 L(.05) — 10 0.25 L(.2)
33 L(.05) — L 10 0.30 L(. 2)
34 L(.05) — L 10 0.60 L(.2)




















lim qtz in fault 
dk rk w/py 
lim qtz in sch 
lim qtz
lim sch
lim qtz in sch 
dk rk w/py 
gneiss at contact 
qtz dior
lim, sh qtz dior 
qtz carb vn 
sh, lim-qtz dior 
lim qtz dior 
lim, silic sch 
lim qtz





No. Au As As As Te
35 0.07 L 10 0.28 L(. 2)
36 0.07 ■ — L 10 0.26 0.2
37 L(.05) — L10 0.35 L(.2)
38 L(.05) — L 10 0.22 0.2
39 L(.05) — L 10 0.60 L(.2)
40 L(.05) — L 10 0.24 0.4
41 L(.05) — L 10 0.40 L(.2)
42 L(. 05) — L 10 0.35 L(.2)
43 L(.05) — L 10 0.22 L(.2)
44 L (.05) — L 10 0.20 L(. 2)
45 L(.05) — L 10 0.26 L(.2)
46 L(.05) — 500 2.20 L(.2)
47 L(.05) — 45 0.70 L(.2)
48 L (.05) — 125 0. 70 L(.2)
49 L (.05) — 25 0.50 L(.2)
50 L(.05) — 25 0.08 L(.2)
Zn W Sample Description
— N (20) qtz vn in sch
— N (20) bleached sch
— N (20) qtz vn in qtz dior
— N (20) qtz vn in sch
— N (20) lim qtz in phyllite
— N (20) lim sch
— N (20) lim qtz
— N (20) lim qtz in qtz dior
— N (20) lim qtz w/chl
— N (20) lim qtz vn
— N (20) qtz vn in sch
— N (20) lim qtz vn
— N (20) lim qtz• Am
— N (20) lim,, silic sch
— N (20) lim qtz dior w/qtz
— N (20) lim,, silic qtz dior
— N (20) lim sch w/qtz
L o c a t i o n
N o . A u A s T e
5 2 L ( . 0 5 ) — 3 5 0 . 4 5 0 . 4
5 3 L ( . 0 5 ) — 3 5 0 . 4 0 0 . 4
5 4 L ( . 0 5 ) — 4 5 0 . 4 0 0 . 4
5 5 L ( . 0 5 ) — 4 0 0 . 1 8 L ( .  2 )
5 6 L ( . 0 5 ) — 3 5 0 . 3 3 L ( . 2 )
5 7 0 . 1 — 2 0 0 0 0 . 4 5 1 . 2
5 8 L ( . 0 5 ) — L  1 0 0 . 3 0 2 . 2
5 9 L ( .  0 5 ) — L  1 0 0 . 3 5 L ( . 2 )
6 0 L ( . 0 5 ) — L  1 0 0 . 2 8 L ( . 2 )
6 1 L ( . 0 5 ) — 1 5 0 . 4 0 2 . 0
6 2 L ( . 0 5 ) — 1 0 0 . 2 8 L ( . 2 )
6 3 0 . 3 — 1 7 5 0 0 . 2 6 L ( . 2 )
6 4 L ( . 0 5 ) — 2 0 0 . 3 5 0 . 4
6 5 L ( . 0 5 ) — L  1 0 2 . 8 0 L ( . 2 )
6 6 L ( . 0 2 ) 0 . 6 1 5 0 . 0 6 —
6 7 1 . 4 1 . 8 2 0 0 . 0 4 —
6 8 L ( . 0 5 ) — L  1 0 0 . 1 4 0 . 2
i S K i S I f l
.- 2
■■
C u P b Z n W S a m p l e  D e s c r i p t i o n
— — — N  ( 2 0 ) l i m  a r g
— — — N  ( 2 0 ) l i m  a r g  w / q t z  v n l t s
— — — N  ( 2 0 ) l i m  a r g  &  d k  r k
— — — N  ( 2 0 ) l i m ,  s i l i c  a r g
— — — N  ( 2 0 ) a l t  p o r p h y r y
— — — N  ( 2 0 ) a l t  p o r p h y r y  w / q t z  &  p o
— — — N ( 2 0 ) l i m  a r g  w / p y  &  p o
— — — N  ( 2 0 ) l i m  p h y l l i t e  w / p o
— — — N  ( 2 0 ) a l t  p o r p h y r y  w / p y
— — — N  ( 2 0 ) q t z  v n  i n  p o r p h y r y
— — — N  ( 2 0 ) q t z  v n  i n  s c h  w / p y
— — — N  ( 2 0 ) l i m  a r g  g o u g e
— — — N  ( 2 0 ) b l e a c h e d  h o m f e l s  w / p y
— — — N ( 2 0 ) l i m  q t z  c a r b  v n
L ( 1 6 )   L ( 2 5 )
7 5 0   3 5
L ( 2 5 )   —
7 0
N  ( 2 0 )
l i m  q t z  c a r b  v n  
l i m  q t z  c a r b  v n  w / p y  
l i m  q t z  v n
o
U )
L o c a t i o n
N o . A u A s H g T e
6 9 L ( . 0 5 ) 1 2 5 0 . 2 8 L ( . 2 )
7 0 L ( . 0 5 ) — 1 0 0 . 1 3 0 . 3
7 1 L ( . 0 5 ) — L  1 0 0 . 1 2 L ( . 2 )
7 2 L ( . 0 5 ) — 5 0 0 . 2 4 L ( . 2 )
7 3 0 . 0 8 L ( . 2 ) 2 0 0 . 0 3 —
7 4 0 . 4 L ( . 2 ) 2 0 0 . 1 2 —
7 5 0 . 0 8 — 1 0 0 . 0 5 —
7 6 L ( . 0 5 ) — 5 0 0 . 9 0 L ( . 2 )
7 7 L ( . 0 5 ) — 3 5 0 . 5 0 L ( . 2 )
7 8 L ( . 0 5 ) — 2 0 0 . 3 4 L ( . 2 )
7 9 L ( . 0 5 ) — 3 5 0 . 1 8 L ( . 2 )
8 0 L ( . 0 5 ) — L  1 0 0 . 2 0 L ( . 2 )
8 1 L ( . 0 5 ) — L  1 0 0 . 1 2 0 . 3
8 2 L ( . 0 5 ) — L  1 0 0 . 2 0 0 . 3
8 3 L ( .  0 5 ) — L  1 0 0 . 2 8 L ( . 2 )
8 4 L ( . 0 5 ) — L  1 0 0 . 1 4 L ( . 2 )
8 5 0 . 2 — 3 0 0 . 2 4 L ( . 2 )
r r r
• ' • =i-i* 4:!
■  • •
C u P b Z n W S a m p l e  D e s c r i p t i o n
— — — N  ( 2 0 ) l i m  q t z  v n
— — — N  ( 2 0 ) l i m  q t z
— — — N  ( 2 0 ) l i m  q t z  v n
— — — N  ( 2 0 ) b l e a c h e d  l i m  s c h  w / q
5 5 L  ( 2 5 ) L ( 2 5 ) — l i m  q t z  v n  &  d k  r k
7 0 L ( 2 5 ) L  ( 2 5 ) — l i m  d k  r k
4 5 L  ( 2 5 ) L  ( 2 5 ) — l i m  d k  r k  w / s u l f i d e s
— — — N  ( 2 0 ) l i m  c g l
— — — N  ( 2 0 ) l i m  s c h  &  q t z  v n
— — — N  ( 2 0 ) l i m  q t z
— — — N  ( 2 0 ) l i m  q t z
— — — N  ( 2 0 ) l i m  s c h  &  d k  r k
— — — N  ( 2 0 ) l i m  q t z
— — — N  ( 2 0 ) l i m  q t z  v n
— — — N  ( 2 0 ) l i m ,  s i l i c  s c h
— — — N  ( 2 0 ) l i m  q t z  i n  s c h
— — — N  ( 2 0 ) l i m  i n t r  r k
Location
No. Au Ag As Hg Te
86 L(.05) 20 0.26 L(.2)
87 L(.05) — L 10 0.35 L(.2)
88 L (.05) — L 10 1.8 L(.2)
89 L(.05) — L 10 0.22 0.4
90 L(.05) — L 10 0.24 0.3
91 L(.05) — 15 0.24 L(.2)
92 L(.05) — L 10 0.15 0.4
93 L(.05) — L 10 0.15 0.4
94 L(.05) — 30 0.12 L(.2)
95 L(.05) — 30 0.12 L(.2)
96 L(.05) — L 10 0.12 L(.2)
97 L(.05) — L 10 0.13 L(.2)
98 L(.05) — 15 0.26 L(.2)
99 L(.05) — 90 0.15 L(. 2)
100 L(.05) — 10 0.26 L(.2)
101 L(.05) — L 10 1.0 L(.2)
102 L(.05) 50 0.20 0.4
.
>ntKi i-iiia:* ••• ?»-•:.msi
:Li::i.;.-:i\ îf:rT r s jijl
Cu Pb Zn W Sample Description
— — — N (20) lim sch & qtz
— — — N (20) lim arg w/py
— — — N (20) lim arg
— — — N (20) lim arg & intr w/py
— — — N (20) lim intr w/py
— — — N (20) lim dior w/py
— — — N (20) lim grw breccia w/qtz 
carb vnlts
" N (20) arg breccia w/qtz 
carb vnlts
— — N (20) lim qtz vn
— — — N (20) lim qtz vn
— — — N (20) lim qtz vn
— — — N (20) lim qtz w/py
— — — N(20) silic, arg breccia
— — — N (20) lim arg w/qtz vnlts
— — — N (20) lim qtz vn
— — — N (20) lim, silic arg






No. Au As As Te
103 0.1 — 15 7.5 L(.2)
104 L(.05) — 50 0.24 L(.2)
105 L(.05) — 300 0.24 L(.2)
106 L(.05) — 35 0. 70 L(. 2)
107 L(. 05) — 10 0.20 L(.2)
108 L(.05) — 25 0.28 L(. 2)
109 L(.05) — L 10 0.20 L(.2)
110 L(. 05) — 10 0.12 L(.2)
111 L(.05) — 25 1.60 L(.2)
112 L(.05) — 125 0.20 0.3
113 L(.05) — 25 0.50 L(.2)
114 L(.05) — L 10 0.35 0.4
115 L(.05) — L 10 0.40 0.2
116 L(.05) — L 10 0.20 0.2
117 L( .05) — L 10 0.24 L(.2)
118 L(.05) — L 10 0.35 0.4
119 L(.05) — L 10 0.30 0.2
Sample Description 
alt Is & arg in fault 
sh, lim arg w/py 
lim arg w/qtz vnlts 
lim arg
lim, silic dk rk
lim arg breccia w/qtz
lim qtz in arg breccia
lim arg & dk w/qtz 
vnlts
lim arg breccia 
alt arg & dk w/qtz 
lim, silic arg breccia 
lim qtz in mgrw 





Te Cu Pb Zn W Sample Description
L(. 2) — — — N (20) alt mgrw
L(.2) — — — N(20) alt intr & phyllite
L(. 2) — — — N (20) lim dk rk
0.3 — — — N(20) lim arg w/py & po
L(.2) — — — N (20) qtz vn in grw
L(.2) — — — N (20) lim qtz in qtz dior
0.5 — — — L(20) alt dior w/qtz vnlts
0.5 — — — N (20) intr rk w/py
0.2 — — — N(20) intr & arg w/py
2.8 — — — N (20) lim qtz in dior
L(.2) — — — N (20) lim qtz carb vn
L(.2) — — — N (20) qtz vn in qtz dior
L(.2) — — — N (20) sh qtz dior w/po & py
— 270 L(25) 30 — sh dior w/lim fracs
— 190 L(25) — — qtz carb chi vn
0.2 — — — N (20) alt intr w/qtz
170 25 qtz dior nr vn
Location
No. Au A& As H£ Te
137 L(.05) L 10 0.24 L(.2)
138 L(.05) — L 10 0.26 L(. 2)
139 1.80 5.0 400 0.16 —
140 0.12 1.6 100 0.04 —
141 L(.05) — 125 6.0 0.2
142 L(.05) — 100 0.6 0.4
143 0.7 — L 10 1.0 L(.2)
144 L(.05) — L 10 1.8 L(.2)
145 3.5 — L 10 0.9 L(.2)
146 0.1 — 25 2.8 L( • 2)
147 L(.05) — 20 0.9 0.2
148 L(.05) — L 10 0.9 L(.2)
149 L(.05) — 175 G(10) L(. 2)
150 L(.05) — L 10 2.5 L(.2)
151 1.5 — 35 0.26 L(.2)
152 L( .05) — 300 0.22 L(.2)
153 0.1 — 35 0.24 L(.2)
Cu Pb Zn W Sample Description
— — — N (20) lim arg in fault
— — — N (20) alt dior w/qtz vn
110 80 210 00 lim vn in sh dior
120 25 50 — lim Is breccia w/py
— — — N (20) lim, silic intr in fault
— — — N(20) lim, silic arg
390 — — N (20) lim arg w/qtz
— — — N (20) lim qtz vn
— — — N(20) qtz vn in sch
— — — N(20) intr rk w/py
— — — N (20) mgrw w/py
— — — N(20) lim, silic arg breccia
— — — N(20) lim dk rk
— — — N (20) dk rk w/py
3600 — — N (20) dk rk w/cu-carb
— — — N (20) dk rk w/sulfides
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No. Au Ag. As Te
154 1.2 1750 0.28 L(.2)
155 L(.05) — 40 0.20 0.5
156 0.04 0.4 100 0.02 0.2
157 0.2 — 60 0.24 L(.2)
158 0.2 1.2 10 0.16 L(.2)
159 0.6 L(.2) 10 0.06 L(.2)
160 0.6 1.6 500 0.03 L(.2)
161 0.08 1.2 10 0.03 0.4
162 L(.05) — L 10 0.15 L(.2)
163 L(.05) — L 10 0.14 L(.2)
164 L(.05) — 20 0.15 L(.2)
165 L(.05) — 200 0.12 L(.2)
166 L(. 05) — 15 0.22 L(. 2)
167 L(.05) — 15 0.16 L(.2)
168 L(.05) — L 10 0.60 0.3
169 L(.05) — 40 0.26 L(.2)




Te £u Pb Zn W Sample Description
0.3 — — — N (20) lim qtz dior w/py
0.4 — — — N (20) lim arg
L(.02) — — — N (20) lim arg
L(.2) — — — N(20) lim arg & mgrw
L(.2) 45 — — L(20) lim arg w/qtz vnlts
L(.2) — — — L(20) lim arg breccia
L(.2) — — — L(20) lim arg w/qtz carb 
vnlts
L(. 2) — — — L(20) lim arg & dk rk
L(.2) 60 — — N (20) lim, silic arg
L(.2) — — — N (20) lim phyllite
0.2 — — — N (20) qtz carb vn w/chl
L(.2) — — — N (20) qtz carb vnlts in arg
0.3 — — — N(20) ch, lim dior w/qtz vnlts
L(.2) — — — N (20) alt dior w/qtz
L(.2) — — — N (20) lim arg in fault
0.4 670 — — N (20) lim arg breccia
0.3 2800 — — N (20) lim qtz w/sulfides
Location
No. Au As As M Te
188 0.3 — 400 0.60 L(.2)
189 L (.05) — 35 0.35 L(.2)
190 L(.05) — 250 0.24 L(.2)
191 L (.05) — 10 0.50 L(.2)
192 L(.05) — L 10 0.45 0.4
193 L(.05) — L 10 0.70 L(.2)
194 L (.05) — L 10 2.2 L(.2)
195 L(.05) — L 10 2.6 L(.2)
196 L (.05) — 10 2.8 0.8
197 L(. 05) — 25 0.9 L(.2)
198 L(.05) — 125 0.9 4.6
199 L(.05) — 18 0.75 0.2
200 L(.05) — L 10 1.8 0.3
201 L(.05) — 125 0.9 4.6
202 L(.05) — L 10 2.4 0.9
203 L(.05) — L 10 1.3 L(.2)
204 L(.05) — L 10 5.2 L(.2)
Sample DescriptionW
N(20) alt grw & arg w/qtz 
N(20) lim grw w/qtz 
N(20) lim arg 
N(20) dk rl w/py 
N(20) lim, silic arg 
N(20) lim, silic dk rk w/py 
N (20) alt tuff 
N(20) sh, lim grst 
N(20) lim mvolc rk 
N(20) lim qtz vn in arg 
N(20) lim dk rk w/py 
N(20) lim dk rk 
N (20) dk rk .
N(20) lim dk rk w/py 
N(20) lim, silic mgrw in fault 




As Hg Te Cu Pb Zn w Sample Description
205 L (.05) 10 7.0 L(. 2) — — — N (20) lim, silic arg & grw
206 L (.05) — L 10 5.5 7.6 — — — N (20) lim, silic arg & dk rk
207 L(.05) — L 10 G(10) L(.2) — — — N (20) lim arg in fault
208 L(.05) — L 10 G(10) 0.2 — — — N (20) lim arg
209 L (.05) — L 10 5.5 0.3 — — — N (20) lim, silic arg
210 L (.05) — L 10 7.0 L(.2) — — — N (20) lim, silic arg
211 L (.05) — L 10 6.0 0.2 — — — N (20) lim arg & dk rk
212 L(.05) — L 10 7.1 L(.2) — — — N (20) lim arg breccia
213 L(.05) — L 10 2.20 0.2 — — — N (20) lim arg & qtz
214 L(.05) — L 10 0.30 L(.2) — — — N (20) alt arg breccia
215 0.1 1.0 80 0.06 L(.2) 110 — — L(20) lim arg & dk rk
216 L(.02) 1.6 L 10 0.16 L(. 2) 62 — — L (20) lim arg & grw breccia
217 L(.02) 0.6 10 0.02 0.2 41 — — N(20) lim arg •
218 L(.05) — L 10 0.24 0.3 — — — N (20) lim, silic arg
219 0.5 0.4 L 10 0.02 0.2 90 — — L (20) lim mgrw
220 L (.05) — L 10 0.20 L(.2) — — — L (20) alt arg & mgrw w/qtz
221 L(.05) 10 0.24 L(.2) N (20)
►fc* 
f—'
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w/qtz
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Location
No. Au Ag As T e
2 2 2 L ( . 0 5 ) L  1 0 0 . 9 0 L ( . 2 )
2 2 3 L ( . 0 5 ) — L  1 0 0 . 3 5 L ( . 2 )
2 2 4 L ( . 0 5 ) — L 1 0 0 . 4 5 0 . 3
2 2 5 L ( . 0 5 ) — L  1 0 0 . 2 4 L ( . 2 )
2 2 6 L ( . 0 5 ) — L 1 0 0 . 7 8 L ( . 2 )
2 2 7 L ( . 0 5 ) — L  1 0 0 . 3 0 L ( . 2 )
2 2 8 L ( . 0 5 ) — L 1 0 0 . 3 5 L ( . 2 )
2 2 9 L ( . 0 5 ) — L 1 0 0 . 2 8 L ( .  2 )
2 3 0 L ( . 0 5 ) — 1 0 0 . 3 5 L ( . 2 )
2 3 1 L ( . 0 5 ) — L 1 0 0 . 5 5 L ( . 2 )
2 3 2 L (  . 0 5 ) — L  1 0 0 . 3 0 L ( .  2 )
2 3 3 L ( . 0 5 ) — 3 0 0 . 2 8 L ( . 2 )
2 3 4 L ( . 0 5 ) — 1 5 0 . 1 5 L ( . 2 )
2 3 5 L ( . 0 5 ) — L 1 0 0 . 2 2 0 . 3
2 3 6 L ( . 0 5 ) — 1 6 0 0 . 1 6 L ( . 2 )
2 3 7 L ( . 0 5 ) — 1 0 0 . 4 5 L ( . 2 )
2 3 8 L ( . 0 5 ) — 1 0 0 . 3 0 L ( . 2 )
ffisilPP
W Sample Description
N (20) lim qtz in arg
N (20) lim arg
N (20) lim arg
N (20) lim arg
N (20) lim arg w/py
N (20) lim, silic mvolc
N (20) lim arg
N (20) lim arg
N (20) lim arg w/qtz vnlts
N (20) lim, silic arg & grw
N (20) lim arg & grw
N(20) lim intr w/py
L(20) lim grst in fault
N (20) hematic grst
N (20) alt Ls float
N (20) dk rk w/py & qtz






A K As M Te
239 L(.05) — L 10 0.26 L(.2)
240 L(.05) — L 10 0.11 L (. 2)
241 L(.05) — L 10 0.15 L(.2)
242 L(.05) — L 10 0.16 L(.2)
243 L(.05) — L 10 0.13 L(.2)
244 L(.05) — L 10 0.14 L(.2)
245 L(.05) — L 10 0.14 L(.2)
246 L_(.05) — L 10 0.08 L(. 2)
247 L(.05) — 10 0.16 L(.2)
248 L(.05) — L 10 0.75 L(.2)
249 L(.05) — 10 0.12 L(.2)
250 L(.05) — L 10 0.11 L(.2)
251 L(.05) — L 10 0.12 L(.2)
252 L(.05) — 20 0.55 L(.2)
253 L(. 05) — 10 0.14 L(.2)
254 L(. 05) — L 10 0.45 L(.2)
255 L(.05) — L 10 0.22 L(.2)
W Sample Description
N (20) qtz vn in dk
N(20) qtz vn in arg
N (20) bleached arg & ngrw
N (20) sh slate w/qtz vnlts
N (20) qtz vn
N (20) lim qtz vn
N (20) mafic dk
N (20) qtz carb vnlts
N (20) lim arg & mgrw
N (20) intr rk w/py & po
N (20) lim arg & mgrw
N (20) lim arg
N (20) lim arg
N (20) lim arg
N (20) bleached, lim arg breccia
N (20) silic breccia in arg
f—1

























0.38 L(. 02) 150
































N(20) lim arg & mgrw
N (20) lim arg & Ls w/qtz
N (20) lim phyllite w/qtz vnlts
N(20) silic Ls
L(20) lim intr & grw
L(20) silic Ls
N (20) lim arg
N (20) lim, silic Ls
L(20) sh grst w/Cu-carb
N (20) lim grst
N (20) bleached tuff
N (20) lim tuff
L(20) lim mvolc
N (20) lim, silic tuff
N (20) lim breccia w/qtz vnlts
Location
No. Au Ag As Hg Te
273 L(.05) 75 0.12 0.4
274 L(.05) — L 10 0.22 0.4
275 L(.05) — 35 0.16 0.4
276 L(. 05) — L 10 0.35 0.4
277 L(.05) — 20 0.18 L(.2)
278 L( .05) — 15 0.35 L(.2)
279 L(. 05) — 35 0.35 L(. 2)
280 L (.05) — L 10 0.40 L(. 2)
281 L(. 05) — 30 0.40 L(. 2)
282 L(.05) — L 10 0.55 L(.2)
283 L(.05) — L 10 0.10 L(. 2)
284 L(.05) — 15 0.24 L(.2)
285 L(. 05) — 15 0.15 L(.2)
286 L(.05) — 15 0.18 L( • 2)
287 L( .05) — L 10 0.18 L(.2)
288 L(.05) — 10 0.20 L(.2)
289 L(.05) — 15 0.16 L(.2)
W Sample Description
N (20) silic Ls
N (20) lim mvolc
N (20) lim mvolc
N (20) mvolc w/py & cp
N (20) alt Ls w/carb vnlts
N (20) porph dk rk
N (20) mgrw w/py
N (20) lim arg
N (20) dk w/py
N (20) alt dk rk w/py
N (20) lim mgrw w/qtz vnlts
N (20) bleached slate
N (20) lim arg
N (20) mgrw
N(20) lim arg
N (20) lim mgrw & arg
N (20) lim arg & mgrw
416
Location
No. Au As H£ Te
290 L(.05) 40 0.40 L(.2)
291 L(.05) — L 10 0.11 L(.2)
292 L(.05) 00 L 10 0.13 L(.2)
293 L(.05) — L 10 0.14 L(.2)
294 L( .05) — L 10 0.15 L(.2)
295 L(.05) — L 10 0.45 L(.2)
296 L(.05) — 10 0.20 0.4
297 L(.05) — 10 0.24 L(.2)
298 L(.05) — L 10 0.55 0.4H
299 L(.05) — 10 0.24 L(.2)
300 L(.05) — L 10 0.12 L(.2)
301 0.2 — L 10 0.20 L(.2)
302 L(.05) — L 10 0.80 L(.2)
303 L(.05) — L 10 0.16 L(.2)
304 L(.05) — 15 0.40 L(.2)
305 L(.05) — 50 0.26 L(.2)
306 L(.05) — 200 0.35 L(.2)
W Sample Description
N (20) lim mgrw w/qtz
N (20) mgrw
N (20) mgrw w/qtz vnlts
N (20) lim arg w/qtz-carb
N (20) lim dk rk
N (20) lim arg
N (20) arg
N (20) lim arg w/qtz vnlts
N (20) lim arg
N (20) lim arg
N (20) mgrw w/po
N (20) dk rk
N (20) lim arg
N(20) alt mgrw
N (20) lim mgrw & arg
N(20) lim arg w/qtz vnlts
N(20) silic mgrw w/py
Location
No. Au Ag As Te
307 L(.05) — L 10 0.35 L(. 2)
308 L(.05) — 40 0.16 L(. 2)
309 L (.05) — 10 0.30 L(. 2)
310 L(.05) — 60 0.40 L(. 2)
311 L(.05) — L 10 0.20 0.3
312 L(.05) — 10 0.04 L(. 2)
313 L(. 05) — L 10 0.16 L(. 2)
314 L(.05) — 50 0.60 L(. 2)
315 L(.05) — L 10 0.20 L(. 2)
316 L(.05) — 35 0.70 L(. 2)
317 L (.05) — 10 0.35 0.3
318 L(.05) — 10 0.60 L(. 2)
319 L(.05) — 40 0.20 L(. 2)
320 L(.05) — 10 0.15 L(.2)
321 L(.05) — L 10 0.18 L(/2)
322 L(.05) — 15 0.14 L(. 2)













lim dior breccia w/qtz
lim, sh gabbro
lim dior & mgrw
silic breccia w/carb
Ls w/sulfides
lim mgrw & qtz dior
Ls w/qtz & py
lim, silic arg
Location
No Au As Te
324 L(.05) 15 0.35 L(. 2)
325 0.1 — 950 0.20 0.9
326 L(.05) — 150 0.15 L(.2)
327 L(.05) — 30 0.20 0.4
328 L(.05) — L 10 0.16 L(.2)
329 L(.05) — 75 0.18 L(.2)
330 L(.05) — 75 0.18 L(. 2)
331 L(. 05) — 15 0.16 L(.2)
332 L(.05) — 10 0.16 L(.2)
333 L(.05) — L 10 0.22 L(.2)
334 L (.05) — 850 1.0 L( • 2)
335 L( .05) — 10 0.35 L(.2)
336 L(.05) — L 10 0.20 L(. 2)
337 L(.05) — 750 G(10) L(.2)
338 L(. 05) — 10 8.0 L(.2)
339 L(.05) — L 10 0.16 L(.2)
340 L(.05) — L 10 0.16 L(.2)
Cu Pb Zn W Sample Description
— — — N (20) lim, sh grw
330 — — N (20) lim dk rk
— — — N (20) lim mgrw
— — — N (20) lim, silic Ls
— — — N (20) lim arg
— — — N (20) lim, silic mgrw
— — — N(20) lim arg w/qtz vn
— — — N (20) lim arg & grw
— — — N (20) lim dk rk
110 — — N(20) lim grst & arg
82000 — — N (20) lim grst & arg w/Cu-carb
480 — — N (20) lim Ls & intr w/qtz
76000 — — L(20) grst w/Cu-carb
88200 — — N(20) Grst w/Cu-ox
— — — N(20) lim, silic grst
— — — N (20) lim mvolc
120 — — N (20) lim grst wqtz vnlts
Location
No. Au As H£ Te
341 L(.05) L 10 0.16 L(. 2)
342 L(.05) — 10 0.20 L(. 2)
343 L(.05) — 10 0.25 L(. 2)
344 L(.05) — L 10 0.35 L(. 2)
345 L(.05) — 10 0.40 L(.2)
346 L(.05) — L 10 0.26 L(. 2)
347 L(.05) — 10 0.15 L(. 2)
348 L(.05) — 20 0.12 L(. 2)
349 L(.05) — 10 0.18 L(. 2)
350 L(.05) — 10 0.28 0.4
351 L(.05) — 125 0.15 L(.2)
352 L(.02) — N 10 0.22 —
353 L(.02) — 40 0.12 —
354 L(.05) — N 10 0.22 —
355 L(.02) — 20 0.35 —
356 L( .02) — 20 0.35 —
357 L(.02) — L 10 0.24 —
W Sample Description
N (20) alt mafic dk
N (20) lim arg w/qtz vnlts
N (20) lim slate
N(20) lim mgrw
N (20) lim mgrw
N(20) mgrw & arg
N (20) mgrw & arg
N (20) lim qtz vn
N (20) mafic dk
N(20) lim mgrw
N (20) lim dk rk
— lim arg w/py
— lim arg w/qtz vnlts
— dk w/qtz & Cu-ox
— dk w/qtz & Cu-ox
— sulf vnlt in phyllite
lim phyllite gouge
L o c a t i o n
N o . A u A s A s
3 5 8 L ( . 0 2 ) 2 0 0 . 7 0
3 5 9 0 . 0 4 — 8 0 0 0 . 3 0
3 6 0 L ( . 0 2 ) — 8 0 0 0 . 1 8
3 6 1 L ( . 0 2 ) 1 . 6 L  1 0 0 . 0 4
3 6 2 L ( .  0 2 ) 2 . 0 1 0 L ( . 0 1 )
3 6 3 L ( . 0 2 ) 2 . 2 1 6 0 2 . 2
3 6 4 L ( . 0 2 ) 1 . 0 1 0 0 . 0 2
3 6 5 L ( . 0 2 ) 1 . 8 1 0 0 . 0 2
3 6 6 L ( .  0 2 ) 1 . 2 L  1 0 L ( . 0 1 )
3 6 7 L ( . 0 2 ) 2 . 0 2 0 0 0 . 7 5
3 6 8 L ( . 0 2 ) 2 . 0 1 0 0 . 4 0
3 6 9 L ( . 0 2 ) — 1 2 0 0 . 3 0
3 7 0 L ( . 0 2 ) — L  1 0 0 . 2 0
3 7 1 L ( . 0 2 ) — L  1 0 0 . 2 6
3 7 2 L ( . 0 2 ) — 4 0 0 . 3 5
3 7 3 L ( . 0 2 ) — 2 0 0 .  7 0
3 7 4 L ( . 0 2 ) — 1 0 0 . 1 8
C u P b Z n W S a m p l e  D e s c r i p t i o n
— — — — l i m  q t z  &  p h } ' l l i t e
— — — — l i m ,  s i l i c  b r e c c i a
— — — — l i m  q t z  v n
1 0 0 3 0 1 0 0 — l i m  s h  a r g
9 0 2 8 L ( 2 5 ) — l i m  s h  z o n e  r k  w / c a r b
7 7 0 0 0 L ( 2 5 ) 7 6 — s h  z o n e  r k  w / C u - o x
4 0 0 L ( 2 5 ) 4 0 — m v o l c  r k
9 0 L ( 2 5 ) 5 6 — h e m  m v o l c
1 1 0 L ( 2 5 ) L ( 2 5 ) — c a r b  v n  i n  m v o l c
1 4 0 2 8 1 5 0 — l i m  m v o l c
8 8 0 L ( 2 5 ) L ( 2 5 ) — q t z - c a r b  v n
— — — — l i m  g o s s a n
— — — — l i m  m v o l c
— — — — a l t  g r s t  w / C u - o x
— — — — l i m  g o s s a n
— — — — l i m  g o s s a n
_ _ _ _ _ _ _  _ _ l i m  a t z  v n







376 L (.02) 1.4
377 L(.02) 1.2
378 L(.02) L(.2)



















































L (25) L(25) —
L (25) L (25) —
L (25) L(25) —
50 72 —
L (25) 44 —
25 100 —
L (25) 26 —
L(25) L(25) —









bleached grst w/Cu-ox 
mvolc rk 
lim mvolc 
qtz vn w/epidote 
grst w/Cu-ox 






hematic grst w/Cu-ox 
grst rk floor in str 
mvolc sand




No. Au As As Hg.
392 L(.02) 1.4 60 0.06
393 L(.02) 1.4 60 L(.01)
394 L(.02) 1.4 10 0.02
395 L(.02) 1.6 10 0.60
396 L(.02) 1.2 L 10 L(.01)
397 L(.02) 7.0 30 0.25
398 L (.02) 1.0 N 10 0.02
399 L(.02) 1.2 10 L(.01)
400 L(. 02) 1.2 10 0.02
401 L(.02) 0.8 80 0.40
402 L(.02) 1.2 20 0.04
403 L(.02) 1.0 20 0.07
404 L(.02) 1.4 20 0.18
405 L(. 02) 30 L 10 0.12
406 L(.02) 1.2 40 0.15
407 L(.02) 0.6 160 0.45
408 L(.02) — 20 0.20
Te Sample DescriptionCu Pb Zn
— 80 L (25) 72
— 34 25 40
— 250 25 48
— 100 28 55
== 100 28 50
— 40000 1.(25) 30
— 750 L (25) 30
— 2900 L(25) L(25)
— 52 25 44
— 450 L(25) 68
— 500 25 58
— 18 25 L(25)
— 70 30 40
— 47000 L (25) L(25)
— 110 L(25) 50






alt, hematic mvolc 
hematic grst w/Cu=ox 
hematic, sh grst 
lim arg
— sh mvolc
lim, silic grst in float 
alt mvolc
hematic seams in mvolc
lim seams in alt mvolc
qtz vn in sh grst 
w/Cu-ox 
lim mvolc
sh grst & qtz vn
Location
No. Au As As AS Te Cu Pb Zn W Sample Description
409 0.10 — L 10 1.5 — — — — — qtz epidote vn in grst
410 0.02 — 20 0.60 — — — — — alt mvolc
411 L(.02) 1.4 N 10 L(.01) — 300 L(25) L(25) — qtz hematite vn
412 L (.02) 1.6 L 10 0.04 250 25 47 — mvolc rk floor in str
413 L(.02) 80 20 0.24 — 180000 L(25) L(25) — qtz vn w/Cu-ox
414 L(.02) — L 10 0.07 — — — — — lim gouge
415 L(.02) — N 10 1.3 — — — — — green arg w/py
416 L(.02) — 40 2.0 — — — — — lim gossan
417 L(.02) — 20 0.10 — — — — — lim arg
418 L(. 02) — 10 0.18 — — — — — lim felsite dk w/py
419 L(.02) — 20 0.45 — — — — — lim felsite dk
420 L(.02) — 10 0.20 — — — — — pyritic tuff
421 L(.02) — L 10 0.10 — — — — — qtz-carb vn
422 L (.02) — L 10 0.60 — — — — — lim mvolc rk
423 L(.02) — L 10 0.26 — — — — — lim mvolc rk
424 L(.02) — N 10 0.55 — — — — — lim arg & mvolc
425 L(.02) — L 10 0.20 — — — — — qtz vn w/lim, py, cp
424
Location
No. Au Ag As Hg Te
426 L(.02) 20 0.08
427 L(.02) — 10 0.11 —
428 L(.05) — L 10 0.28 L(.2)
429 L(.02) — L 10 0.18 —
430 (see loc 125)
431 (see loc 126)
432 (see loc 130)
433 (see loc 129)
434 (see loc 131)
435 (see loc 132)
436 (see loc 133)
437 (see loc 135)
438 (see loc 136)
439 (see loc 134)
440 (see loc 137)
441 0.2 L(.2) N 10 0.01 —
442 7.8 12.0 60 0.03 __
■!~:- :;..— rrr.r. rt .-.i_t-.
Cu Pb Zn W Sample Description
—  chloritic gouge
—  —  lim mvolc rk
—  N(20) intr rk w/py
sh, lim arg
Location
No. Au Ag As Te Cu
443 (see loc 183)
444 2.6 10.0 10 0.04 240
445 (see loc 138)
446 L(.02) 1.0 L 10 L(.01) 270
447 1.4 2.0 400 L(.01) 240
448 0.08 0.6 20 L(.01) 120
449 0.1 • 1.6 160 L(.01) 250
450 0.5 1.2 10 0.03 75
451 0.06 0.8 10 L(.01) 45
452 (see loc 184)
453 0.04 1.6 N 10 0.02 25
454 6.6 5.6 80 0.06 130
455 (see loc 186)
456 L(.02) 0.6 10 0.02 12
457 L(.02) L(.2) 15 0.03 150
458 1.6 4.8 60 0.04 250
459 L(.02) 0.4 10 L(.01) 40
aspw
Pb Zn W Sample Description
L(25) — — lim qtz vn in sh zone
L(25) — — lim, sh dior
25 — — lim gossan
L(25) — — lim qtz
L(25) — — lim, sh dior
L(25) — — lim qtz-carb vn
L(25) — — dior near fault
25 lim, silic dior
lim gouge & breccia
carb-serp(?) rk 
lim dk rk
lim qtz w/minor carb 
lim arg
Location
No. Au A£ As Hg. Te Cu
460 1.9 1.0 400 0.30 180
461 0.1 0.6 200 0.20 200
462 0.08 0.2 80 0.26 170
463 0.06 0.4 60 0.24 170
464 0.06 0.3 10 0.30 180
465 (see loc 187)
466 50.0 36.0 40 0.28 750
467 L(.02) 18.0 60 0.06 750
468 (see loc 188)
469 (see loc 189)
470 •(see loc 190)
471 0.29 1.0 80 0.05 30
472 (see loc 139)
473 0.02 L(.2) 20 0.02 50
474 0.56 0.6 20 0.03 78
475 1.6 L(. 2) L 10 0.03 68
476 0.04 L(. 2) 120 0.03 38
7’
Pb Zn W Sample Description
26 40 — lim grn arg
L (25) 25 — lim g m  arg
L(25) 25 — lim g m  arg w/qtz
L(25) L(25) — lim g m  arg
L(25) L(25) — lim g m  arg
4000 — — qtz carb vn w/py &
3700 — — qtz vn w/py & gl
L(25) 70 sh, lim qtz dior
L(25) 30 — sh, lim dior
L(25) 40 — sh lim sior
25 110 — sh dior w/qtz vnlts
L(25) 40 — lim qtz dior
Location
No. Au As. As Es Te
477 0.06 L(.2) 100 0.03 —
478 0.22 L(.2) 20 0.01 —
479 21.6 11.0 10 0.16 —
480 6.2 2.0 800 0.14 —
481 0.18 0.4 20 0.06 —
482 16.0 0.4 60 0.10 —
483 0.04 0.4 10 0.03 —
484 0.94 0.6 40 0.09 —
485 0.14 1.0 20 0.06 —
486 0.10 1.0 20 0.06 —
487 (see loc 140)
488 L(.02) 0.6 10 0.55 —
489 L(.02) 0.4 10 0.50 —
490 L(.02) 0.8 20 0.40 —
491 L(.02) 0.8 20 0.35 —
492 L(.02) 0.8 20 0.35 —
493 L(.02) 0.6 60 0.30 __
Pb Zn W Sample Description
25 50 — lim, sh dior
L(25) 40 — lim, sh dior
180 55 — lim qtz w/py & chi
30 60 — lim vnlts & qtz
25 45 — sh, alt dior
32 50 — lim, sh dior
L(25) 55 — alt dior w/lim seams
30 60 — sh, alt dior w/qtz vnlts
L(25) 60 — sh, lim dior
L(25) 50 — sh, lim dior
L(25) 60 — dior float near contact
L(25) 25 — lim, sh arg
L(25) 58 — sh, lim gouge
L(25) 52 — sh, lim gouge
L(25) 64 — sh, alt arg



















No. Au Ag. As H£ Te
494 L(.02) 0.7 10 0.24 —
495 L(.02) 0.6 20 0.30 —
496 0.2 0.4 20 0.24 —
497 0.04 0.6 20 0.24 —
498 L(.02) 0.6 10 0.30 —
499 0.3 1.2 80 0.22 —
500 L(.02) 0.5 10 0.26 —
501 L(.02) 0.2 20 0.13 —
502 L(.02) 0.5 20 0.20 —
503 0.14 0.5 60 0.14 —
504 L( .02) 0.3 10 0.14 —
505 L(.02) 0.5 40 0.22 —
506 0.2 0.5 600 0.26 —
507 0.1 1.2 L 10 0.01 —
508 0.5 1.6 N 10 0.02 —
509 0.1 1.0 N 10 L(.01) —
510 0.1 2.2 20 0.02
:
Sample DescriptionCu Pb Zn W
40 L(25) 65 —
120 L(25) 40 —
130 L(25) 38 —
100 L(25) 52 —
110 L(25) 60 —
300 L(25) 40 —
50 L(25) 40 —
65 L(25) 45 —
65 L(25) 40 —
110 L(25) L(25) —
100 L(25) L(25) —
150 L(25) 50 —
370 L(25) L(25) —
100 30 — —
90 L(25) — —
10 25 — —
90 L(25) _ _
sh arg 
sh, lim arg
sh, lim arg v/qtz vnlts 
sh, lim arg float 
lim arg float 
lim arg
lim arg w/qtz vnlts 
sh alt arg 
lim, sh arg 
lim arg & qtz 
alt arg w/lim fracs 
sh arg
lim arg & dior 





No. Au A£ As
511 0.4 L(.2) L 10 0.01
512 0.5 1.2 40 0.04
513 1.4 2.4 20 0.05
514 0.04 0.4 L 10 0.01
515 0.1 1.6 N 10 0.02
516 0.04 0.8 L 10 L(.01)
517 2.2 5.2 30 0.01
518 L(.02) 0.4 N 10 0.01
519 0.08 L(. 2) N 10 0.01
520 1.6 2.4 N 10 0.14
521 L(.02) 0.4 N 10 L(.01)
522 L(.02) 0.6 N 10 L(.01)
523 0.4 1.0 30 0.01
524 0.1 2.0 L 10 0.02
525 L(.02) L(.2) N 10 0.04
526 0.5 1.6 L 10 0.05
527 6.0 L(.2) N 10 0.01
Cu Pb Zn W Sample Description
140 L(25) — — lim qtz in fault
75 25 — — chloritic sch
100 L(25) — — lim sh zone rk
250 L(25) — — chloritic sch
55 40 — — chlorite sch
45 L(25) — — lim qtz in fault
130 L(25) — — lim qtz
350 L(25) — — chi w/qtz vn
70 L(25) — — lim qtz vn
400 L(25) — — lim sh zone rk
75 L(25) — — qtz-chl vn
100 L(25) — — alt dior w/qtz-carb 
vnlts
100 L(25) — — qtz-carb vn
L 10 35 — — carb vn w/py
28 L(25) — — lim qtz in fault
90 L(25) — — lim qtz
43 L(25) — — lim qtz in fault
430
Location
No. Au As As As Te Cu
528 L(.02) L(.2) N 10 L(.01) — L 10
529 4.2 5.6 L 10 L(.01) — 85
530 0.1 L(.2) N 10 0.01 — 28
531 6.0 2.0 10 0.01 — 120
532 0.06 0.2 N 10 0.01 — 45
533 0.1 0.8 L 10 L(.01) — 140
534 (see loc.. 127)
535 40.0 4.8 10 0.2 — 100
536 14.0 2.0 40 0.03 — 100
537 L(.02) 0.4 L 10 L(.01) — L 10
538 3.6 0.6 15 0.02 — 50
539 2.2 1.0 160 0.03 — 320
540 20.0 L(.2) L 10 0.04 — 13
541 L(.02) L(.2) N 10 0.06 — 23
542 0.06 L(.2) N 10 0.01 — 15
543 0.06 L(.2) N 10 0.05 — 40



















lim qtz in sh dior 
lim qtz in dior 
lim qtz vn in dior 
lim qtz in dior 
lim qtz in fault 






lim qtz in dior
lim qtz in fault
lim, sh dior
lim, sh dior w/qtz
lim qtz in dior
Location
No. Au Ag As Te Cu
545 L(.02) L(.2) L 10 L(.01) — 10
546 0.06 L(.2) 60 L(.01) — 15
547 L(.02) L(.2) L 10 L(.Ol) — 26
548 1.5 2.4 10 0.03 — 70
549 0.08 L(.2) 40 0.02 — 55
550 0.02 L(.2) 10 0.02 — 11
551 0.06 L(.2) L 10 L(.Ol) — 45
552 0.1 L(.2) 10 0.01 — 22
553 1.3 1.0 60 L(.Ol) — 35
554 40.0 8.0 20 0.8 — 110
555 0.06 0.8 20 0.02 — 45
556 0.1 1.6 40 L(.Ol) — 55
557 L(.02) L(.2) 15 L(.Ol) — 22
558 32.0 8.0 160 1.5 — 300
559 1.0 L(.2) 60 0.01 — 18
560 0.7 0.4 800 0.01 — 130
561 0.1 0.4 60 L(.Ol) 55
H-H
Pb Zn W Sample Description
L(25) — — sh dior
L(25) — — sh, lim dior
L(25) — — lim qtz in dior
L(25) — — lim qtz
L(25) — — lim qtz-chl vn
L(25) — — lim qtz chi vn
L(25) — — lim qtz
L(25) — — lim qtz in fault
75 — — lim sh zone rk w/qtz- 
carb-chl vn
1500 — — lim sh zone rk
L(25) — — alt arg near fault
25 — — sch in sh zone
L(25) — — homfelsed arg
1900 — — lim, sh dior w/qtz
L(25) — — lim qtz in dior
L(25) — — lim sch in sh zone
L(25) — — sh, chi sch
r
Location
No. Au As As
(see
Te Cu Pb Zn W Sample Description
562 loc. 128)
563 0.04 L(.2) 60 0.03 — 65 L(25) — — lim qtz in shear
564 0.06 L(.2) L 10 0.01 — 95 L(25) — — lim qtz vn
565 80.0 120.0 20 0.35 — 110 L(25) — — qtz=cb vn w/py & po
566 0.1 0.8 L. 10 0.14 — 20 L(25) — — qtz-carb-chl vn
567 L(.02) L(.2) 20 0.06 — 150 L(25) — — clayey gouge
568 0.1 0.2 20 0.14 — 15 L(25) — — clayey gouge
569 L(.02) L(.2) L 10 0.01 — 11 L(25) — — 11m qtz-carb vn
5 70 0.2 0.2 60 0.04 — no L(25) — — chi, sh zone rk
5 71 L(.02) 0.4 L 10 0.02 — 14 L(25) — — massive dior
5 72 L(.02) L(.2) L 10 0.1 — 60 L(25) — — sh dior
573
574
L(.02) L(.2) N 10 0.09 — 68 L(25) — — alt dior w/qtz-carb 
vnlts
0.3 1.6 L 10 0.35 — 43 L(25) — — clayey gouge
575 L(.02) 1.2 L 10 0.14 — 24 L(25) — — lim gouge
576 L(.02) 1.2 10 0.06 — 11 25 — — alt dior
577 L(.02) 0.4 N 10 0.02 — 10 L(25) — — clayey gouge




No. Au As Te Cu
579 0.1 1.6 . 20 0.09 — 45
580 1.2 2.8 N 10 0.01 — 45
581 L (.02) 0.8 L 10 0.1 — 18
582 L(.02) L(.2) 10 0.04 — L(10)
583 0.1 1.6 N 10 0.08 — 25
584 L(.02) L(.2) N 10 0.01 — ' L(10)
585 L(.02) 1.2 N 10 0.04 — 12
586 L(.02) L(.2) N 10 L(.01) — L(10)
587 0.08 1.0 '10 0.08 — 25
588 L(.02) L(.2) N 10 0.08 10
589 1.7 4.0 N 10 0.08 — 25
590 1.2 2.6 N 10 L(.01) — 55
591 0.2 0.6 L 10 0.01 — 13
592 0.4 1.4 10 L(.01) — 20
593 0.1 0.8 N 10 0.01 — 3C
594 1.0 2.0 L 10 0.02 — 20
595 1.0 2.0 N 10 0.01 _____ 17
:-h L " - i r •••.?
Pb Zn w Sample Description
25 — — qtz carb-chl vn
L(25) — — chaley qtz carb vn
25 — massive dior
25 — — massive dior
L (25) — — sh dior in fault
L(25) — — qtz carb vn
Location
No. Au As Hg Te Cu
596 L(.02) 0.6 N 10 0.04 L(10)
597 0.3 0.8 N 10 0.05 15
598 0.02 0.6 N 10 0.05 L(10)
599 L(.02) 0.4 N 10 0.06 —  . 10
600 0.02 1.0 L 10 0.08 L(10)
601 0.08 1.0 N 10 0.01 100
602 0.08 0.4 L 10 0.03 30
603 1.1 2.0 N 10 0.06 L(10)
604 L(.02) 1.0 L 10 0.35 30
605 LC.02) 0.4 120 0.01 L(10)
606 0.06 2.0 N 10 0.02 13
607 L(.02) 0.6 40 0.05 110
608 40 9.4 40 0.06 49
609 (see loc 159)
610 45
00o 120 0.22 170
611 (see loc 160)
612 0.32 0.6 20 0.03 30
Pb Zn W Sample Description
L(25) — — massive dior
L(25) — — massive dior
L(25) — — massive dior
L(25) — — dior w/qtz vnlts
30 — — qtz carb vn in sh zone
25 — — qtz carb vn in sh dior
L(25) — — clay w/qtz carb-chl
25 — — qtz carb vn in fault
L(25) — — dark limonite in frac
25 — — lim seams
L (25) — — qtz carb-chl vn
25 45 — sh arg w/ qtz & lim
800 L (25) — qtz vn w/lim & py
100 — — lim seams in qtz
L(25) 180 sh dk rk
Location
No. Au Ag. As Te
613 0.04 0.2 10 0.05 —
614 0.12 0.4 20 0.02 —
615 (see loc 219)
616 0.02 0.4 20 0.05 —  ■
617 0.03 0.4 20 0.05 —
618 (see loc 217)
619 L(.02) 0.4 10 0.03 —
620 0.04 0.2 L 10 L(.01) —
621 0.60 1.2 100 0.26 H(. 8)
622 (see loc 156)
623 L(.02) 0.08 L 10 L(.01) —
624 0.04 0.6 20 0.04 —
625 0.1 — 35 0.40 0.-2
626 0.1 — 45 0.40 L(.2)
627 0.05 — 25 0.60 L(.2)
628 0.08 1.2 20 0.05 —
629 0.20 1.0 200 0.20 H (. 6)
Cu Pb Zn W Sample Description
65 L(25) L(25) — lim arg
190 L(25) L(25) — frac arg w/py
110 L(25) L(25) — py dk rk of intrm comp
50 L (25) L(25) — lim arg
39 — — L(20) lim, silic arg
37 — — L(20) lim arg
300 — — N (20) C-zone soil
180 — — N (20) sh, alt dk rk
78 — — N (20) alt arg
— — — N(20) C-zone soil
— — — N (20) C-zone soil
— — — N (20) C-zone soil
220 25 25 — qtz-carb vnlts
150 — — N (20) C-zone soil
436
Pb Zn w







— — N (20)
— — N (20)






sil lim arg breccia 
lim arg q/qtz vnlts 
sh, bleached arg 
sh, lim arg 





lim arg & dk breccia 
alt dk rk w/py 
alt arg & dk rk
Location
No. Au A k As H£ Te Cu Pb Zn W Sample Description
647 0.10 0.8 40 0.04 — 120 L(25) L(25) — frac arg w/lim-qtz vnlts
648 0.16 1.6 40 0.07 — 500 L(25) L(25) — qtz-carb vn w/lim dk rk
649 0.03 L(.2) 20 0.07 — 130 L(25) L(25) — lim dk rk & arg
650 L(.05) — L 10 0.35 L(. 2) — — — N (20) C-zone soil
651 0.04 0.8 30 0.02 — 95 — — L(20) lim arg & dk rk
652 L(.02) 1.0 10 0.07 — 35 25 L(25) — qtz carb vn in sk arg
653 L(.02) 1.6 L 10 0.22 — 50 30 25 — sil, lim arg breccia
654 L(.02) 1.8 20 0.10 — 53 30 25 — lim arg
655 (see loc 216)
656 L(.02) 0.8 20 0.12 — 94 25 50 — sil, py arg
657 L(.02) 1.4 10 0.08 — 69 — — L(20) lim arg w/py
658 0.02 1.8 L 10 0.14 — 45 — — N (20) lim, silic arg breccia
659 L(.02) L(.2) L 10 0.08 — 120 L(25) L(25) — frac dk rk w/py & lim
660 0.86 2.0 600 0.24 — 50 140 56 — sh arg w/qtz, py, lim
661 0.14 L(.2) 600 0.06 . — 22 L(25) 60 — lim dk rk w/qtz vnlt
- & sh arg
662 10.8 1.0 400 0.16 — 65 2 30 120 — sh intr rk & arg w/qtz
- & lim seams
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664 4.8 1.2 1000 1.0 — 51
665 56.0 8.0 G5000 G(10) — 160
666 86.0 2.8 G5000 G(10) — 110
667 30.0 1.8 G5000 G(10) — 170
668 16.8 7.0 G5000 10.0 — 500
669 0.28 1.0 400 2.8 — 270
670 0.18 0.8 100 1.6 — 75
671 0.08 0.4 60 0.50 — 10
672 3.0 1.2 200 3.5 — 34
673 0.52 0.8 60 2.2 — 39
674 0.40 0.4 30 0.35 — 21













30 90 _ _
sh intr rk w/qtz vnlts 
lim seams





Location of rock samples analyzed for major oxides from western Clearwater 
Mountains.
Field Number WSSt Longitude 
Mstavolcanics (TRb)
North Latitude
68-Asb-139 147°13'25" 63°07 20"
" " 212 " 05 00 " 07 55
" " 218 " 02 55 " 07 30
" " 238 " 01 40 " 08 35
" " 239a " 01 35 " 08 40
" " 263 " 05 45 " 09 40
Argillite (Ja)
69-Ast-261 147°15'00" 63°10'00"
" " 261a " 15 00 " 10 00
68-Asb-266 " 06 05 " 10 10
" " 550a " 17 35 " 09 45
" " 668 " 26 55 " 08 50





" " 455 " 09 50 " 13 10
" " 464 " 12 50 " 14 00
" " 467 " 12 10 " 14 30
" " 1591b " 12 35 " 12 25
Granodiorite (Tgd)
68-Asb-306 147°00'00" 63°13'25"
" " 312 " 00 00 " 14 00
" " 451 " 07 20 " 14 15
" " 455a " 09 50 " 13 10
" " 1048c " 00 50 " 12 40
441
!*
Field Number West Longitude North Latitude-
Small Stocks and Dikes (TKi)
6S-7Vsb-44 147°24 '00" 63°08 '55
II II 56a II 22 05 " 07 40
II II 126c II 14 55 " 08 00
II II 339 It 08 40 . " 11 10
II II 343a II 09 10 " 10 05
II II 386 II 11 35 " 09 30
II II 414 II 17 30 " 11 30
It II 483 II 18 30 " 13 05
11 II 483a II 18 30 " 13 05
II II 592 II 23 50 " 11 10





B14'25" 63 °08 25
II II 135b II 14 25 II 08 30
II II 136 II 14 35 II 08 40
II II 153 II 13 10 II 07 55
II II 160a II 12 00 II 08 20
II II 243 II 08 10 II 09 15
II II 389 II 13 25 II 08 55
69-Ast--231 II 12 00 II 09 00
II II 232 II II II II II II
II II 233 II II II II II
II II 234 II II II II II II
II II 235 II II II II II II
II It 236 II II II II II II
II II 237 II II It II II II
II II 238 II II II II II II
II II 239 II II II II II II
II II 240 II II II II It II
II II 242 II II II II II II
